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PREFACE 


The  United  States  Air  Force  is  not  only  a sizable  consumer  of 
energy  but  also  a conspicuous  one,  since  most  of  its  energv  use  is 
related  to  flying.  If  the  Air  Force  should  desire  to  reduce  its 
energy  consumption,  what  is  the  best  wa;  to  do  it?  How  is  future 
, ener8y  consumption  by  the  Air  Force  related  to  the  programmed  activities 
of  the  force?  How  can  alternatives  to  programmed  activities  be 
examined  with  regard  to  their  energy  use?  At  present,  ouestions  such 
as  these  cannot  be  answered  without  laborious  calculations  and 
estimates . 

This  report  discusses  a computer  model  that  can  be  used  to  project 
future  energy  needs  for  the  Air  Force  based  on  force  posture  elements 
and  operational  activity.  The  model  gives  Air  Force  planners  a rapid 
method  of  systematically  comparing  the  energy  impact  of  present  and 
alternative  programs,  the  effects  of  changed  flying  activities,  and 
current  and  hypothet  ical  weapon  systems.  It  should  thus  be  particularly 
useful  to  those  who  are  responsible  for  long-range  planning  decisions 
affecting  energy  consumption  by  the  U.S.  Air  Force,  the  dominant 
consumer  of  petroleum  products  within  the  Department  of  Defense. 

This  research  was  performed  as  part  of  a Rand  study  of  energy 
availability  and  national  security,  sponsored  by  the  Defense  Advanced 
Research  Projects  Agency.  The  computer  model  is  being  usee  by  Rand 
in  this  ongoing  research.  In  addition,  a preliminary  copy  of  the 
computer  program  was  sent  to  the  Computer  Applications  Group  Office, 
Assistant  Chief  of  Staff /Studies  and  Analysis,  Hq  USAF. 
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Sl.'MMARY 


The  computer  model  discussed  in  this  report  was  specifically  de- 
signed for  Air  Force  planners  and  uses  program  information  as  inputs  in 
a format  familiar  to  them.  The  outputs  appear  in  program  format,  with 
each  program  element  identified.  The  energy  estimates  are  made  in  the 
c .tegories  of  direct  energy  (that  used  by  the  prime  mission  equipment), 
direct  support  energy  (that  used  by  ground  support  and  other  related 
equipment),  and  ancillary  support  energy  (that  used  on  bases).  The  di- 
rect energy  in  the  output  format  is  identified  by  program  element,  pro- 
gram, and  type  of  fuel.  Direct  support  and  ancillary  support  energy  is 
estimated  for  the  entire  Air  Force  in  terms  of  Btu  and  type  fuel,  so 
that  the  results  may  be  examined  in  terms  of  total  energy  (Btu)  or  in 
terms  of  the  physical  quantities  of  each  type  of  fuel  (tons  of  coal, 
gallons  of  jet  fuel,  etc.). 

The  design  of  the  model  allows  the  introduction  of  hypothetical 
weapon  systems  as  well  as  existing  systems,  so  that  estimates  may  be 
made  for  future  forces.  Provisions  were  made  to  accommodate  conven- 
tionally fueled  weapon  systems  as  well  as  those  which  might  use  uncon- 
ventional fuels.  The  fuel  consumption  of  hypothetical  weapon  systems 
may  be  input  directly,  if  known,  or  may  be  internally  estimated  by  en- 
ergy estimating  relationships  (EERs) . A set  of  typical  EERs  was  dev 
oped  in  the  course  of  the  study  and  either  it  or  another  of  the  ana- 
lyst's choice  may  be  used. 

The  work  which  preceded  the  development  of  the  model  showed  that 
the  Air  Force  presently  uses  about  1000  trillion  Btu  of  energy  per  year. 
Of  this,  about  75  percent  is  direct  energy,  6 percent  is  direct  support, 
and  18  percent  is  ancillary  support.  Energy  use  is  strongly  related  to 
flying  hours,  but  the  relationship  is  often  subtle,  due  to  the  differ- 
ent consumption  rates  of  the  various  aircraft.  For  example,  the  stra- 
tegic forces  account  for  about  13  percent  of  the  flying  hours,  but  con- 
sume 31  percent  of  the  direct  energy.  The  largest  energy  users  are 
cargo/transport , followed  by  fighter/recon  and  bomber/recon  type  air- 
craft. The  three  single  largest  users  of  energy  in  1972  weve  the  C-141, 
B-52,  and  F-4  aircraft. 
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I.  INTRODUCTION 


Modern  warfare  inherently  requires  large  amounts  of  energy  for  op- 
erating  military  weapon  systems.  The  ability  to  use  these  weapon  sys- 
tems effectively  in  times  of  war  requires  that  military  proficiency  be 
maintained  during  times  of  peace — a process  that  in  itself  constitutes 
a continuing  use  of  energy.  The  Department  of  Defense  (DoD)  accounts 
for  about  28  percent  of  the  U.S.  governmental  budget  expenditures,  and 
the  Air  Force  accounts  for  about  9 of  this  28  percent.  It  is  thus  rea- 
sonable to  expect  that  the  amount  of  energy  used  by  these  organizations 
is  significant  in  terms  of  the  total  use  of  energy  in  the  United  States. 

The  data  for  1971  show  that  almost  4 percent  of  the  total  U.S.  Detrol- 
eum  consumption  was  used  by  the  DoD,  including  53  percent  of  the  total 
U.S.  jet  fuel  consumption.  Of  this,  the  Air  Force  accounted  for  approx- 
imately half  of  the  total.  The  Air  Force  thus  has  been  and  probably 
will  continue  to  be  a significant  consumer  of  energy  in  the  United 
States . 

Recent  events  in  the  United  States  and  elsewhere  have  demonstrated 
that  our  domestic  supplies  of  energy,  particularly  petroleum,  are  insuf- 
ficient for  present  demands.  The  establishment  of  a Federal  Energy  Ad- 
ministration and  the  subsequent  results  of  their  work  and  others  emphasized 
that  future  energy  use  must  be  carefully  planned  in  order  to  be  in  ac- 
cord with  national  objectives.  The  energy  demands  of  the  wide  planning 
options  open  to  the  Air  Force  have  probably  never  assumed  the  importance 
that  they  have  today.  For  example,  airborne  alert  requires  more  fuel 
than  the  conventional  ground-alert  configuration;  a strategic  offensive 
force  of  missiles,  donnant  in  their  silos,  requires  less  fuel  than 
either  form  of  bomber  ilert;  and  forward  basing  implies  different  uses 
of  energy  than  strategies  which  rely  upon  quick  responses  from  the  U.S. 
mainland . 

While  these  qualitative  assessments  may  be  easily  made,  the  quan- 
titative effects  may  be  calculated  only  with  difficulty  at  the  present 
time.  What  is  required  is  a tool  by  which  simple  and  systematic  com- 
parisons between  alternatives  may  be  made  so  that  their  effects  upon 
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energy  consumption  may  be  evaluated.  With  such  a tool,  planners  would 
be  better  equipped  to  plan  for  an  effective  Air  Force  in  an  energy- 
constrained  environment,  while  being  more  aware  of  their  options  should 
a requirement  for  decreased  energy  use  be  levied  upon  them. 

This  report  addresses  the  need  for  a tool  to  deal  with  the  energy 
demand  aspects  of  alternative  force  postures  and  describes  a computer 
model  which  was  constructed  to  systematize  the  method  and  facilitate 
the  projection  of  energy  demands  by  the  Air  Force.  It  has  been  de- 
signed for  use  by  planners  and  others  familiar  with  dealing  with  USAF 
program  information,  permits  the  rapid  estimation  of  the  energy  require- 
ments of  any  program,  and  allows  the  energy  demands  of  alternative  pro- 
grams to  be  compared.  The  model  can  answer  many  types  of  questions 
related  to  both  the  short-term  and  long-term  use  of  energy.  These  may 
be  as  simple  as  estimating  the  energy  effects  of  a change  in  training 
flying  hour  schedules  or  substituting  one  design  aircraft  for  another 
on  a specific  mission,  to  as  complex  as  analyzing  the  long-term  energy 
effects  of  a proposed  new  weapon  system  or  changes  in  the  ratios  of 
strategic  and  general  purpose  forces.  In  general,  the  energy  effects 
of  any  program  change  which  involves  modifications  in  the  type,  number, 
or  activity  rate  of  the  weapon  systems  may  be  estimated. 

The  model  estimates  only  the  energy  consumed  in  operating  the  Air 
Force;  it  does  not  include  energy  requirements  for  the  manufacture  of 
aircraft  or  for  any  other  civilian  industries  which  operate  in  support 
of  Air  Force  activities.  The  question  of  how  much  energy  is  used,  and 
by  whom,  is  covered  in  detail  in  R-1448-ARPA,  Energy  Consumption  by 
Industries  zn  Oupport  of  National  Defense:  An  Energy  Demand  Model , by 

C.  C.  Mow  and  J.  K.  Ives,  March  1974.  In  that  report  the  pervasiveness 
of  the  needs  of  the  Department  oc  Defense  upon  the  civilian  economy  is 
demonstrated,  and  the  indirect  energy  demands  of  DoD  upon  the  civilian 
suppliers  are  estimated. 


-3- 


II.  HISTORIC  USE  OF  ENERGY  BY  USAF 


This  section  provides  information  on  data  sources,  describes  the 
practical  limitations  of  some  of  the  data,  and  gives  a perspective  of 
the  Air  Force's  use  of  energy. 

SOURCES  OF  DATA 

Prior  to  the  events  that  precipitated  the  recent  energy  crisis, 
data  on  energy  and  fuels  used  by  the  Air  Force  were  routinely  reported 
by  the  Defense  Fuel  Supply  Center  (DFSC)  and  the  Air  Force  Directorate 
of  Civil  Engineering.  The  DFSC  received  Quarterly  Petroleum  Products 
Status  and  Program  Reports  from  each  of  the  three  services — Army,  Navy, 
and  Air  Force — in  a standardized  format  known  as  Form  531.  Eight  types 
of  petroleum  products  were  reported: 

o Aviation  gasoline — all  grades 
o Jet  fuel — all  grades  (JP-A,  5,  6,  etc.) 
o Motor  gasoline — all  grades 

o Distillate  fuels— all  grades  of  diesel  fuel,  kerosene,  //I  and 
and  It 2 fuel  oil,  but  excluding  Navy  distillate  fuel  oil 
o Residual  fuels— all  residual  fuels,  including  //A,  Itb,  and  116 
fuel  oils  and  equivalents,  but  excluding  Navy  special  fuel  oils 
o Navy  special  fuel  oil 
o Navy  distillate  fuel  oil 
o Other  (RP-1) 

Early  reports  gave  data  on  the  actual  or  estimated  quarterly  status 
of  petroleum  products  in  terms  of  inventories,  receipts,  and  utilization 
for  the  current  fiscal  year  plus  a summary  of  actual  consumption  for 
the  previous  fiscal  year.  In  addition,  a projection  for  the  next  fis- 
cal year's  requirements  was  made.  The  data  from  these  quarterly  re- 
(1-A) 

ports  were  used  to  determine  historical  energy  consumption  for  the 

Air  Force.  Quantitative  data  for  these  petroleum  products  are  given 
later  in  this  section  for  fiscal  years  1968  through  1973. 
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The  Air  Force  Directorate  of  Civil  Engineering  compiles  cost  and 
quantity  data  on  energy  use  according  to  Civil  Engineering  cost  account 
codes.  Included  in  this  compilation  are  quantitative  data  on  ancil- 
lary support  energy  consumption.  The  four  energy  forms  of  interest 
here  are  purchased  electricity,  natural  gas,  solid  fuel,  and  fuel  oil. 

Quantitative  data  on  these  energy  forms  were  obtained  from  the  Director- 

* 

ate  of  Civil  Engineering  and  are  given  later  in  this  section  for  fiscal 
years  1968  through  1973. 

During  1973,  the  Defense  Energy  Information  System  (DEIS)  was  set 
up  to  monitor  all  facets  of  energy  supply,  inventory,  and  use  for  the 
Department  of  Defense.  This  is  an  extremely  detailed  system  normally 
capable  of  supplying  all  of  the  information  required  for  a study  such 
as  th_s  from  a single  source.  Unfortunately,  the  historical  information 
required  for  this  study  was  not  available  from  DEIS,  and  the  data  needs 
had  to  be  satisfied  from  the  traditional  sources  which  the  DEIS  now 
replaces.  The  advantage  of  DEIS  is  that  it  combines  a variety  of  inde- 
pendent data  gathering  functions  into  a single  integrated  activity, 
with  all  information  being  collected  and  reported  on  a consistent  basis. 
Future  studies  of  this  type  will  benefit  markedly  from  the  system. 

DATA  LIMITATIONS 

Although  detailed  data  on  a] 1 forms  of  energy  consumed  by  the  Air 
F-»rce  were  doubtless  recorded  at  some  time  in  the  past,  in  the  absence 
of  an  "energy  crunch,"  it  was  not  generally  important  to  specify  the 
actual  end  use  of  a particular  product.  Whether  jet  fuel  was  used  to 
fly  airplanes  or  heat  a barracks  at  a remote  airfield  was  of  little 
consequence.  Projections  of  future  needs  were  often  based  on  past  ex- 
perience, and  detailed  breakouts  of  end  use,  when  available,  were  aggre- 
gated to  a high  level  such  as  a command  or  military  base,  which  in  turn 
would  report  to  even  higher  authority.  Frequently  detailed  supporting 
input  data  that  were  used  for  the  aggregated  totals  were  recorded  only 
temporarily  and  then  became  unavailable  for  later  in-depth  analysis. 


Reference  6 and  personal  communication  on  cost  data,  FY  1972- 
1973,  purchased  and  generated  energy,  received  from  Systems  Engineer- 
ing Branch,  Directorate  of  Civil  Engineering,  Department  of  the  Air 
Force,  October  1973. 


The  data  base  for  the  model  discussed  here  spans  fiscal  years  1968 
through  1973.  These  years  were  chosen  because  DFSC  could  provide  data 
on  petroleum  products  consumption  over  this  period  of  time.  Also,  the 
major  source  of  energy  (direct  energy)  for  the  Air  Force  is  jet  fuel 

and  aviation  gasoline  for  aircraft  operations,  all  of  which  is  accounted 
for  by  DFSC. 

Although  consumption  data  for  petroleum  products  other  than  jet 
fuel  and  aviation  gasoline  are  also  reported  by  DFSC,  the  actual  end 
use  of  these  products  is  not  nearly  as  clear-cut  as  that  of  aviation 
fuels.  Conseq  lently , the  allocation  of  energy  quantities  to  direel  sup- 
port or  ancillary  support  was  a matter  of  deciding  which  category  used 
the  major  portion  of  the  energy. 

Data  for  ancillary  support  energy  was  particularly  difficult  to 
determine.  The  lowest  level  of  aggregation  available  was  at  the  com- 
mand level.  For  example,  purchased  electricity  data  were  reported  for 
the  larger  consumers,  such  as  the  Strategic  Air  Command  and  Logistics 
Command,  down  to  the  smaller  consumers,  such  as  the  Aeronautical  Chart 
and  Information  Center  and  Communication  Service  Command.  Ia  all, 
there  are  20  commands  on  which  data  were  obtained  from  the  Air  Force 
Directorate  of  Civil  Engineering  over  the  six  years  from  1968  through 
1973  for  purchased  electricity,  natural  gas,  solid  fuel,  and  fuel  oil. 
There  were  a number  of  holes  in  this  data  matrix  and  it  was  necessary 
to  estimate  the  missing  values. 

ENERGY  CONSUMPTION 

Figure  1 illustrates  the  historic  use  of  energy  by  the  Air  Force 
from  1968  through  1973.  The  graph  illustrates  the  consumption  of  en- 
ergy by  each  major  type,  as  well  as  the  total.  It  is  apparent  that  the 
largest  single  form  of  energy  used  is  jet  fuel,  and  that  the  various 
other  forms  of  energy  contributed  in  much  smaller  amounts  to  the  total. 
Consumption  of  all  energy  forms  has  been  approximately  constant  in  the 
last  three  years  at  about  1000  trillion  Btu,  down  from  a prior  level 
of  about  1200  trillion  Btu. 

The  same  information  is  displayed  in  Fig.  2 as  a percent  of  total 
USAF  energy,  and  is  plotted  cumulatively,  for  each  year,  so  that  the 
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share  of  total  energy  con.ributed  by  each  form  is  more  clearly  illus- 
trated . 

While  it  is  informative  to  examine  the  historical  consumption  cf 
each  energy  form,  this  provides  little  insight  into  the  reasons  behind 
the  use  of  the  energy  and  insufficient  background  to  construct  a model 
for  projecting  demands.  Consequently  we  have  restructured  the  energy 
consumption  data  in  a more  useful  format,  according  to  end  use. 

Energy  is  used  by  the  Air  Force  in  a wide  variety  of  applications 
that  include  the  fuel  for  operating  aircraft,  trucks,  cars,  and  ground 
equipment,  fuels  for  space  and  hot  water  heating,  electricity  for  lights 
and  air  conditioning,  and  even  fuel  for  boats.  Tor  the  purpose  of  de- 
scribing the  use  of  energy  \ • the  Air  Force,  we  have  devised  three  cat- 
egories which  are  based  upon  the  purpose  for  which  the  energy  is  used. 
Within  each  of  these  categories  it  is  possible  to  subdivide  according 
to  the  type  of  fuel  used,  and  this  has  been  done  to  the  extent  that  the 
data  allow.  A description  of  the  categories  follows: 

Direct  energy  is  energy  used  by  prime  mission  equipment  (PME) , 

e.g.,  aircraft  and  ballistic  missiles. 

Direct  support  energy  is  energy  consumed  in  direct  support  of  the 

PME,  e.g.,  AGE  and  motor  vehicles. 

Ancillary  support  energy  is  energy  required  by  bases  and  other 

facilities  in  support  of  the  PME,  e.g.,  heating  and  lighting. 

Use  of  this  categorization  simplifies  the  analysis  of  energy  being 
consumed  and  focuses  on  the  role  of  the  prime  mission  equipment  as  the 
major  energy  consumer.  Further,  it  correctly  stratifies  tha  energy 
use.  Direct  energy  is  that  used  by  the  weapons;  other  categories  of 
energy  are  used  only  in  support  of  the  use  of  the  weapons. 

The  definitions  of  direct  energy,  direct  support,  and  ancillary 
support  are  clear.  However,  some  problems  are  encountered  in  dealing 
with  the  data  as  well  as  with  th_  philosophy  of  division  among  the 
categories.  For  example,  the  data  i port  the  total  consumption  of 
diesel  fuel,  but  do  not  report  what  it  is  used  for.  We  find  that  most 
of  it  is  used  for  motive  purposes,  and  consequently  this  portion  may 


be  considered  direct  support  energy.  However  other  portions  are  used 
for  heating  (ancillary  support)  and  electricity  generation.  This  last 
purpose  could  be  classed  as  ancillary  support,  except  that  in  the  case 
of  supplying  ICBM  complexes,  the  energy  falls  into  the  direct  category. 
We  have  attempted  to  make  the  divisions  where  possible,  and  where  it 
was  not  possible  to  apportion  between  direct  and  ancillary  support , the 
energy  was  included  under  the  category  where  most  of  the  fuel  form  ap- 
peared. Errors  of  division  in  this  way  are  not  large  and  have  little 
significance  in  the  context  of  total  energy  demand  projections. 

Having  defined  these  categories,  we  can  now  replot  the  information 
in  Figs.  1 and  2 according  to  the  end  use  of  energy.  Figure  3 shows  the 
absolute  amounts  of  energy  used  and  indicates  what  might  be  expected — 
the  direct  energy  category  is  the  largest.  This  is  further  quantified 
in  Fig.  4,  where  the  data  are  displayed  in  percentage  form.  From  Fig. 

4 it  is  apparent  that  tht  relative  distribution  of  energy  among  the 
three  end  uses  has  been  relatively  constant  over  time.  This  observa- 
tion has  been  extrapolated  to  the  assumption  that  the  distribution  not 
only  will  remain  constant  in  the  future,  but  also  that  both  forms  of 
support  energy  are  a function  of  the  direct  energy.  Making  this  as- 
sumption provides  a simple  basis  for  projecting  the  demands  for  sup- 
port energy  once  the  demand  for  direct  energy  is  known.  Conceptually, 
relating  support  energy  to  direct  energy  is  satisfactory  in  aggregate 
terms.  It  could  be  argued  that  the  ancillary  support  energy  might  be 
more  precisely  related  to  other  factors  as  well,  such  as  the  number 
of  bases,  manpower  levels,  base  locations,  etc.  While  this  may  be 
true,  projections  of  ancillary  support  energy  made  by  a simple  relation 
to  the  direct  energy  may  only  be  nominally  different  from  those  made 
using  more  inputs.  Again,  the  objective  of  this  effort  was  to  provide 
a tool  by  which  energy  comparisons  of  alterna-ives  could  be  systemat- 
ically and  rapidly  compared.  The  need  for  unnecessarily  complex  inputs 
was  to  be  avoided,  and  the  simple  relation  of  support  energy  to  direct 
energy  satisfied  the  criterion  for  simplicity,  while  maintaining  a con- 
ceptually sound  basis  for  making  comparisons  between  cases  of  interest. 

The  data  allow  the  information  in  Figs.  3 and  4 to  be  disaggre- 
gated by  fuel  type.  This  diseggregation  appears  in  Figs.  5 and  6, 
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Fig. 5 — Historical  composition  of  direct  support  energy 
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Fig  .6 — Historical  composition  of  ancillary  support  energy 
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where  the  information  has  been  plotted  as  a percentage  of  the  direct 
energy.  The  smooth  and  steady  curves  of  Fig.  2 are  not  repeated  when 
the  energy  forms  are  disaggregated.  Since  the  totals  are  relatively 
constant,  one  might  speculate  whether  fuel  substitutions  were  not  par- 
tially responsible  for  the  variations  of  the  individual  curves.  This 
possibility  exists  between  distillate  and  motor  gasoline  in  Fig.  3, 
and  between  electricity  and  solid  fuel  (coal)  in  Fig.  4.  There  may  be 
other  reasons,  such  as  the  increased  "creature  comforts"  that  are  being 
designed  into  living  and  working  quarters.  These  comforts,  especially 
air  conditioning,  generally  require  electric  power,  which  could  account 
for  some  of  the  observed  increase  in  the  use  of  electricity. 

The  discussion  thus  far  has  concentrated  on  the  amount  of  energy 
used  and  the  categories  and  forms  of  its  use.  Air  Force  planners  wo.k 
in  terms  of  programs,  with  each  program  describing  a functional  activ- 
ity of  the  force.  At  present  there  are  ten  Air  Force  programs;  the 
distribution  of  energy  consumption  among  them  is  as  shown  in  Table  1. 
Three  programs  accounted  for  almost  80  percent  of  the  energy  consump- 
tion in  x972,  and  five  programs  accounted  for  almost  94  percent.  The 
remaining  five  programs  (III,  VI,  VII,  IX,  and  X)  accounted  for  only 
6.1  percent.  An  examination  of  these  large  differences  not  unexpectedly 
reveals  that  they  are  due  to  flying  activity.  Strategic,  general  pur- 
pose, and  airlift  and  sealift  forces  are  all  heavily  oriented  toward 
aircraft,  the  heavy  users  of  energy. 

To  examine  further  the  relationship  between  flying  activity  and 
energy  use,  Table  2 was  prepared  to  disaggregate  the  total  USAF  flying 
hours  by  program.  We  have  already  seen  that  Programs  I,  II,  and  IV 
consumed  almost  80  percent  of  the  energy;  however,  the  information  in 
Table  2 shows  that  these  programs  accounted  for  only  about  50  percent 
of  the  flying  hours.  Even  more  striking  is  the  fact  that  while  Program 
IV  had  8.4  percent  of  the  flying  hours,  it  used  20.1  percent  of  the 
energy;  also,  the  four  "other  programs"  which  used  6.1  percent  of  the 
energy  had  22.4  percent  of  the  flying  hours.  These  large  differences 
are  due  to  the  types  of  aircraft  which  are  being  flown,  and  the  dis- 
parities between  the  fraction  of  flying  hours  and  fraction  of  energy 
consumed  only  underscore  the  inadequacy  of  simply  relating  these  frac- 
tions without  further  clarification. 
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Table  1 

USAF  ENERGY  CONSUMPTION  BY  PROGRAM:  1972 


Program 

Percent 

of 

Total 

Cumu- 

lative 

1. 

Strategic  farces 

31.3 

31.3 

II. 

General  purpose  forces 

27.0 

58.3 

IV. 

Airlift  and  sealift  forces 

20.1 

78. A 

V. 

Guard  and  reserve  forces 

9.0 

87. A 

VIII. 

Tra.ning,  medical,  and  other 
general  personnel  activity 

6.5 

93.9 

AJ 1 other  programs 

6.1 

100.0 

Total 

100.0 

Table  2 

USAF  FLYING  HOURS  BY  PROGRAM:  1972 


Program 

Percent 

of 

Total 

Cumu- 

lative 

I. 

Strategic  forces 

13.2 

13.2 

II. 

General  purpose  forces 

28.1 

A1.3 

III. 

Intelligence  and  communications 

5.0 

A6.3 

IV. 

Airlift  and  sealift  forces 

8. A 

5A.7 

V. 

Guard  and  reserve  forces 

10.1 

6A.8 

VI. 

Research  and  development 

1.0 

65.8 

VII. 

Central  supply  and  maintenance 

0.6 

66. A 

VIII. 

Training,  medical,  and  other  general 
personnel  activity 

17.8 

8A.2 

IX. 

Administration  and  assoc,  activities 

1.5 

85.7 

X. 

Support  of  other  nations 

1A.3 

100.0 

Total 

100.0 
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Table  3 disaggregates  these  data  by  aircraft  type  rather  than  pro- 
gram, thus  giving  a somewhat  different  perspective.  We  see  that  the 
single  largest  user  of  aircraft  fuel  is  cargo/transport  aircraft,  at 
32.6  percent  of  the  total,  in  contrast  to  20.1  percent  of  the  total  for 
Program  IV,  airlift  and  sealift  forces.  From  this  we  can  conclude  that 
the  single  largest  aircraft  energy-consuming  function  is  the  transport 
of  people  and  materiel,  but  that  only  about  two-thirds  of  this  trans- 
port is  conducted  under  Program  IV.  The  balance  of  the  transport  func- 
tion is  distr ' '’•if  ed  ^mong  the  other  programs,  and  is  mainly  in  the  gen- 
eral purpose  forces  (Program  II)  . 

Table  4 lists  the  energy  consumption  by  aircraft,  and  identifies 
not  only  which  aircraft  are  the  largest  users  of  energy,  but  also  indi- 
cates that  a fairly  small  number  of  aircraft  consume  most  of  the  energy. 
This  fact  is  of  extreme  importance  in  analyzing  the  use  of  energy  by 
aircraft,  and  eases  the  task  of  the  planner,  as  we  shall  see  later. 

Tables  3 and  4 consider  only  the  direct  use  of  energy.  The  energy 
used  for  direct  support  and  ancillary  support  cannot  be  apportioned  in 
the  same  fashion  to  programs,  types  of  aircraft,  or  individual  aircraft. 
Part  of  the  reason  for  this  is  that  the  data  are  simply  too  aggregated 
to  allow  such  an  apportionment.  Ir.  addition,  attempting  to  apportion 
the  heating  and  lighting  energy  used  on  bases  to  programs  or  aircraft 
is  very  complex,  and  even  if  it  could  be  estimated,  the  results  would 
not  be  particularly  useful  in  the  context  of  understanding  energy  use 
in  the  Air  Force. 
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Table  3 


ENERGY  CONSUMPTION  BY  TYPE  OF  AIRCRAFT:  1972 

(Programmed) 


Type 

Trillion 

Btu 

Million 

Barrels 

Percent 

Attack 

9.75 

1.91 

1.5 

Bomber/ recon 

122.71 

24.13 

19.0 

Tanker 

82.13 

16.13 

12.7 

Fighter/ recon 

157.95 

30.99 

24.4 

Cargo/transport 

211.00 

41.40 

32.6 

Helicopter 

5.68 

1.14 

0.9 

Trainer 

56.60 

11.05 

8.7 

Miscellaneous 

1.57 

0.25 

0.2 

Total 

647.39 

127.00 

100.0 

. 

Cumulative 

Percent 


1.5 

20.5 

33.2 

57.6 

90.2 
91.1 
99.8 

100.0 


Table  4 

ENERGY  CONSUMPTION  BY  SPECIFIC  AIRCRAFT: 
(Programmed) 


Aircraft 

Trillion 

Btu 

Million 

Barrels 

Percent 

C-141 

114.19 

22.40 

17.64 

B-52 

94.82 

18.61 

14.65 

F-4 

94.30 

18.61 

14.57 

KC-135 

76.13 

14.94 

11.76 

C-130 

48.51 

9.51 

7.49 

T-38 

27.49 

5.40 

4.25 

C-5A 

16.77 

3.29 

2.59 

EC/RC-135 

14.14 

2.77 

2.18 

F-lll 

M.38 

2.63 

2.07 

All  others 

147.66 

28.84 

22.80 

Total 

647.39 

127.00 

100.00 

Cumulative 

Percent 


17.64 

32.29 

46.86 

58.62 

66.11 

70.36 

72.95 

75.13 

77.20 

100.00 
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III.  FRAMEWORK  AND  OPERATION  OF  THE  USAF  ENERGY  MODEL 


The  type  of  information  discussed  in  Sec.  II  forms  the  basis  for 
constructing  a USAF  energy  projection  model.  The  objectives  of  the 
model  are  to  translate  force  posture  information^  into  energy  require- 
ments and  to  provide  a tool  for  easily  and  quickly  analyzing  the  effects 
of  force  changes  on  energy  requirements.  This  model,  part  oi  a DoD  en- 
ergy model,  is  designed  to  estimate  the  Air  Force  portion  of  DoD  energy 
consumption  under  a wide  variety  of  conditions  chosen  by  the  analyst. 

The  model  is  designed  for  use  by  force  planners  and  others  who  tradi- 
tionally work  with  the  size,  composition,  and  activity  of  the  USAF. 

It  uses  input  information  structured  in  terms  familiar  to  force  plan- 
ners; that  is,  inputs  and  outputs  are  related  to  programs  insofar  as 
this  is  desirable  and  practical.  An  idealized  and  simplified  diagram 
of  the  model's  function  is  shown  in  Fig.  7.  The  inputs  themselves  are 
described  in  terms  of  aircraft  and  ICBMs.  The  model  operates  on  a 
yearly  basis,  and  the  analyst  may  select  any  number  of  years  up  to  ten 
for  examination.  This  feature  allows  the  force  to  be  changed  over  time 
as  desired,  with  old  weapon  systems  phasing  down,  or  out,  and  new  sys- 
tems building  strength  as  they  are  introduced  and  become  operational. 

To  augment  this  capability  and  to  extend  the  model's  flexibility  to 
analyze  the  energy  needs  of  future  forces,  energy  effects  of  hypothet- 
ical as  well  as  current  systems  may  be  estimated.  Thus  the  analyst 
may  estimate  the  annual  energy  requirements  of  a USAF  that  introduces 
B-X,  F-X,  C-X,  or  other  aircraft  i.  the  future. 

Weapon  system  activity  rates,  such  as  aircraft  flying  hours,  may 
also  be  varied  at  will,  again  providing  the  analyst  with  the  ability 
to  test  the  effect  upon  energy  requirements  of  varying  this  key  param- 
eter. Technological  improvements,  such  as  engine  modifications,  en- 
gine retrofit,  and  improved  aerodynamics,  are  reflected  in  fuel  con- 
sumption rate  inputs  to  the  model. 

In  addition  to  calculating  the  direct  energy  requirements  for  the 
prime  mission  equipment,  the  model  estimates  the  direct  support  and 
ancillary  support  energy  requirements  and  sums  them  for  yearly  totals. 
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INPUTS 


OUTPUTS 


YEAR  N 
YEAR  2 


USAF  FORCE  STRUCTURE 
YEAR  1 


PROGRAM  1 - STRATEGIC 
FORCES 

Weapon  System 

Activity  Rate 

B 52 

Minuteman 

etc. 

PROGRAM  II  - GENERAL 
PURPOSE  FORCES 

Weapon  System 

Activity  Rate 

ETC. 


YEAR  N 
YEAR  2 


USAF  ENERGY  CONSUMPTION 
YEAR  1 


PROGRAM  1- STRATEGIC 
FORCES 

Fuel  Type 

Amount 

Jet  Fuel 

etc. 

PROGRAM  II  - GENERAL 
PURPOSE  FORCES 

Fuel  Type 

Amount 

ETC. 


Fig. 7 — User's  view  of  USAF  energy  moJel 

These  totals,  while  strictly  estimates,  are  expected  to  be  very  close 
to  the  actual  values  which  have  been  historically  observed  if  the  his- 
torical inputs  are  used.  The  outputs  are  in  terms  of  Btu,  so  that  the 
various  forms  of  energy  may  be  combined  in  this  common  unit  of  measure. 
They  also  appear  disaggregated  by  form  of  energy,  displayed  in  commonly 
used  physical  units  (gallons,  tons,  kWh,  etc.),  so  that  the  analyst  may 
see  how  much  of  each  energy  form  is  estimated.  A table  of  factors  for 
converting  from  energy  units  to  physical  units  is  given  in  Appendix  A. 

Figure  8 is  an  aggregate  flow  diagram  of  the  USAF  energy  model, 
depicting  its  major  elements  and  the  sequence  of  execution.  The  model 
is  separated  into  two  major  subsections,  which  are  programmed  to  per- 
form the  necessary  calculations  to  estimate  the  total  direct  energy 
consumed  by  the  PME  and  the  direct  and  ancillary  energy  consumed  in 
support  of  the  PME.  The  first  subsection  deals  with  direct  energy 
consumption  by  weapon  systems  (W/S  in  the  figure)  such  as  aircraft  and 
ICBMs . The  second  subsection  deals  with  direct  support  and  ancillary 


Fig. 8 — Simplified  model  structure 

support  energy  consumption  based  on  the  results  from  the  first  subsec- 
tion. 

Three  alternative  methods  are  provided  to  estimate  direct  energy 
requirements  for  aircraft  so  that  both  existing  and  hypothetical  air- 
craft may  be  treated  in  the  model.  Thus,  for  analytical  purposes,  a 
force  may  be  examined  which  begins  as  a programmed  force  of  existing 
aircraft,  but  as  time  goes  by,  gradually  phases  in  new  aircraft  which 
may  be  completely  hypothetical.  For  the  known  aircraft,  actual  fuel 

/g\ 

consumption  rate  factors  are  used;  for  the  hypothetical  aircraft, 
two  options  are  available.  The  first  option  is  to  assume  a consump- 
tion rate  factor  for  the  aircraft  of  interest.  The  second  option  is 
to  compute  (within  the  model)  a fuel  consumption  rate  using  an  energy 
estimating  relationship  (EER)  based  on  certain  aircraft  characteristics 
such  as  weight  and  speed.  This  feature  allows  the  analyst  to  examine 
the  energy  requirements  of  a changing  force  while  imparting  to  the 
process  the  historical  certainty  of  the  fuel  consumption  of  existing 
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aircraft  and  the  flexibility  to  examine  the  effects  of  hypothetical  air- 
craft by  using  EERs . 

The  type  of  EERs  to  be  used  are  the  choice  of  the  analyst,  whu  may 
hive  access  to  a reasonable  selection  of  them.  For  the  purpose  of  dem- 
onstrating the  use  of  the  model,  we  developed  a set  of  simple  EERs  by 
relating  the  fuel  consumption  to  the  weight  and  speed  of  the  aircraft 
by  multiple  regression  techniques.  An  example  for  fighter/recon  air- 
craft appears  in  Table  5,  together  with  a comparison  of  the  actual  data 
to  the  results  obtained  when  using  the  EER.* 

The  method  used  to  compute  ICBM  energy  consumption  roughly  paral- 
lels the  estimating  procedure  for  aircraft.  The  direct  energy  require- 
ment for  missiles  is  estimated  as  a function  of  the  number  of  missiles 
in  the  force.  Direct  energy  consists  of  that  required  for  missile  en- 
vironmental control  and  the  operation  of  those  missile  systems  which  are 
kept  active,  both  in  the  missile  itself  and  in  the  launch  control  cen- 
ters. The  estimates  are  based  upon  data  from  existing  systems. 

After  the  computations  have  been  completed  in  the  first  subsection 
for  each  weapon  system,  the  direct  energy  for  each  year  is  summed.  This 
sum  is  then  used  as  the  basis  to  compute  the  energy  requirements  for 
direct  support  and  ancillary  support  of  the  PME . 

Other  program  elements  are  less  susceptible  to  treatment  by  the 
same  type  of  estimating  technique  because  they  are  not  consumers  of 
energy  in  the  same  way  that  aircraft  or  missiles  are.  Communication 
and  electronic  (C&E)  systems,  for  example,  are  not  fueled  in  the  same 
sense  that  aircraft  and  missiles  are.  Because  of  this,  and  because 
these  systems  are  not  subject  to  changes  in  force  size  or  activity  in 
the  same  way  as  aircraft  and  missile  systems,  they  have  been  included 
as  part  of  the  ancillary  support  energy  requirements.  Their  energy 
source  is  largely  electricity,  which  appears  under  ancillary  support 
and  for  which  data  do  not  exist  which  would  allow  identification  of 
the  amounts  required  for  the  C&E  systems. 


Additional  EERs  appear  in  Appendix  C. 

•f 

Personal  communication  from  Frank  N.  Bousha,  Deputy  Director, 
Missile  Facilities,  DCS/Civil  Engineering,  Department  of  the  Air  Force, 
regarding  Minuteman  electricity  and  diesel  fuel  consumption  factors. 


Table  5 


FUEL  CONSUMPTION  RATES — ACTUAL  AND  COMPUTED3 


Aircraf  t 

— 

WEB 

Weight 

(lb) 

Actual  F.C. 
(gal/hr) 

Computed  F.C. 
(gal/hr) 

F-A 

1221 

A9.311 

1A00 

1320 

F-5 (A) 

565 

13,663 

560 

539 

F-8A (D) 

A81 

16,827 

600 

606 

F-86(A) 

522 

15,876 

580 

589 

F-89 

A89 

36.82A 

1 1 AO 

100A 

F-100(C) 

713 

32,536 

1000 

961 

F-100(D) 

775 

38.0A8 

950 

1071 

F-101 

873 

A8,000 

1250 

1257 

F-102 (A) 

557 

28,150 

735 

856 

F-10A 

11A5 

22,1A5 

825 

785 

F-105 (B-20) 

750 

A6, 998 

1A00 

1223 

F-106(A) 

1136 

3A.239 

1020 

1037 

F-lll 

1196 

92,655 

1875 

1975 

3Fighter/recon  F.C.  = 0.657  V°*094W0*642 

(R2  = 0.951,  SE  = 99.7) 

where  F.C.  = fuel  consumption  rate  (gal/hr) 

V = cruise  speed  (kn) 

W = gross  weight  (lb) 
r2  = multiple  correlation  coefficient 
SE  = standard  error  of  estimate 
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While  this  results  in  a model  in  which  the  level  of  detail  of  the 
estimating  process  is  greater  for  aircraft  than  it  is  for  C&K  systems, 
the  utility  of  the  model  is  not  impaired.  As  mentioned  above,  C&T  sys- 
tems tend  to  be  less  subject  to  changes  in  force  planning  than  aircraft, 
for  example,  and  many,  sucli  as  Bl'lC,  NORAD , and  465L,  are  of  such  char- 
acter than  neither  their  size  nor  their  activity  rate  will  be  likely  to 
change.  On  t lie  other  hand,  t lie  type,  number,  and  activity  of  aircraft 
are  subject  to  frequent  change. 

The  model  is  built  so  that  its  operation  is  easy  for  analysts  who 
are  perhaps  more  familiar  working  with  force  structures  than  with  com- 
puter models.  The  main  inputs  consist  of  force  structure  information 
describing  the  size,  composition,  and  activity  of  the  force  for  each 
year  to  be  analyzed.  In  addition,  the  energy  intensiveness  or  energy 
consumption  factor  (i.e.,  gal/hr)  for  each  of  the  energy  consuming 
program  elements  is  required.  In  the  case  of  aircraft,  this  means  that 
the  inputs  include  the  type  of  aircraft  (such  as  B-52C) , the  number  of 
them  in  the  force,  the  fuel  consumption  factor,  and  either  the  annual 
flying  hours  per  aircraft  or  the  total  flying  hours  for  that  type  of 
aircraft.  This  information  is  supplied  for  each  year,  so  that  changes 
in  the  force  size,  composition,  or  activity  rate  can  be  expressed. 

This  type  of  information  is  regularly  used  in  force  planning  and  force 
costing  exercises,  and  thus  should  present  no  problems  to  those  using 
this  energy  model.  Once  the  input  information  is  listed,  it  is  key- 
punched and  the  punched  cards  submitted  to  the  computer  together  with 
the  deck  of  program  cards.  Running  time  on  the  computer  is  very  short, 
and  the  results  are  printed  in  a format  that  identifies  the  quantity  of 
energy  required  for  each  program  element,  together  with  the  direct  and 
ancillary  support  energy  requirements  and  the  yearly  totals.  This  for- 
mat permits  the  analyst  to  quickly  identify  major  users  of  energy,  so 
that,  if  he  desires  to  change  the  amount  of  energy  used,  he  will  know 
where  the  greatest  leverage  exists.  Printing  of  the  computer  output 
on  a year-by-year  basis  facilitates  plotting  the  results  and  visualiz  • 
ing  temporal  energy  trends  that  result  from  specific  time-phased  ac- 
tions in  the  force.  Thus,  it  is  possible  to  see  the  effect  on  energy 
requirements  of  introducing  new  weapon  systems  into  the  force,  building 


their  numbers,  and  increasing  their  activity  rate.  The  projected  energy 
needs  may  then  be  compared  with  the  projected  availability  of  energy. 

If  conflicts  are  found,  the  sensitivity  of  energy  needs  to  the  force 
size,  composition,  and  activity  may  be  tested,  and  adjustments  made  ac- 
cordingly . 
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IV.  EXAMPLE  OF  MODEL  USE 


In  Sec.  II,  the  use  of  energy  by  the  Air  Force  in  the  early  1970s 
was  shown  to  be  about  1000  trillion  Btu  per  year.  As  a part  of  this 
study,  ener _,y  requirements  in  the  near-term  future  were  estimated  by 
using  the  model  developed  here,  with  detailed  input  data  from  the  USAF 
Force  and  Financial  Program  (F&FP)  for  fiscal  years  1974  through  1978. (7 
The  major  aircraft  and  their  programs  are  illustrated  in  Table  6.  In 
addition  to  the  force  size  and  activity  rates  in  the  F&FP,  fuel  consump- 
tion factors  from  AFM  173-10  were  used. ^ The  results  of  these  esti- 
mates appear  in  Fig.  9 It  is  apparent  that  energy  demand  is  almost 
constant  throughout  this  period.  This  may  be  due  to  several  possible 
reasons.  Force  posture  changes  are  relatively  slow,  and  the  phasing 
in  and  out  of  aircraft  requires  several  years.  Also,  flying  hours  re- 
quired for  proficiency  and  training  tend  to  remain  relatively  constant 
in  order  to  maintain  an  acceptable  level  of  readiness. 


* 

Note  that  the  programmed  direct  energy  consumption  is  about  625 
trillion  Btu  for  1974.  If  one  were  to  extrapolate  the  data  for  actual 
direct  energy  consumption  shown  in  Fig.  1,  the  value  would  be  about 
640  trillion  Btu.  This  difference  of  about  2.4  percent  could  be  due 

to  an  increase  in  actual  flying  hours,  larger  fuel  consumption  rates, 
or  both.  * 

It  is  also  interesting  to  note  that  this  model  could  be  used  to 
test  the  validity  of  past  experience  in  planning  for  future  energy 
needs.  Typically  the  F&FP  is  revised  yearly,  with  each  issue  contain- 
ing projected  flying  hours  for  USAF  aircraft  for  the  next  5 or  6 years 
Also,  fuel  consumption  factors  (AFM  173-10)  change  periodically  based 
on  USAF  experience.  One  would  expect  the  near-term  (1  to  2 year)  pro- 
jections to  be  more  accurate  than  the  far-term  (5  to  6 year)  projec- 
tions. By  using  the  flying  hour  data  contained  in  past  (5  to  10  year) 
issues  of  the  F&FP  along  with  the  corresponding  fuel  consumption  fac- 
tors, the  model  could  be  used  to  generate  the  programmed  energy  consump 
tion  for  each  year  over  a 5 or  6 year  period.  These  results  could  then 
be  compared  to  actual  energy  consumed  as  reported  to  DFSC.  It  might 
then  be  possible  to  determine  the  error  in  projected  energy  consumption 
as  a function  of  the  number  of  years  in  the  future  for  which  the  pro- 
jection was  made.  Such  a comparison  was  made  for  a one-year  projection 
for  FY  1971  and  FY  1972.  The  results  show  that  the  actual  consumption 
differed  from  the  projected  consumption  by  less  than  one  percent  in 
FY  1971  and  by  over  seven  percent  in  FY  1972. 


T ab  le  6 

MAJOR  ENERGY -CONSUMING  USAF  AIRCRAFT:  FY  1974-FY  1978 
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Fig. 9 — USAF  aircraft  programmed  energy  consumption 
FY  1974  - FY  1978 

Given  the  relatively  constant  level  of  projected  energy  consumption, 
one  might  question  what  kinds  of  changes  might  have  an  effect  upon  en- 
ergy  consumption.  To  show  how  the  model  can  be  used  to  examine  this 
question,  we  have  chosen  an  example  for  the  purposes  of  illustration 
only.  In  this  example,  we  propose  to  reduce  the  size  of  the  B-52  bom- 
ber fleet  by  phasing  out  all  nonnuclear  B-52s  between  1975  and  1978, 
and  reduce  the  KC-135  tanker  fleet  proportionately.  The  change  that 
the  planner  sees  is  that  the  B— 52D/F  fleet  is  reduced  from  its  currently 
programmed  size  to  zero  in  three  years,  and  that  the  number  of  KC-135 
tankers  that  are  required  for  support  of  the  B-52D/F  aircraft  are  also 
phased  out.  This  reduces  the  flying  hours  in  Program  I,  thus  reducing 
the  direct  energy  requirements  and  the  corresponding  support  energv  re- 
quirements. 

The  results  of  this  exercise  are  illustrated  in  Fig.  10,  along 
with  pertinent  comparative  information  from  Fig.  9.  As  might  be 


Fiscal  year 


Fig.  10  — Change  in  energy  requirements  resulting 
from  B-52D/F  phase-out 

expected,  this  force  change  produces  a relatively  small  change  in  total 
Air  Force  energy  consumption.  As  was  shown  in  Sec.  II,  Program  I con- 
sumes about  31  percent  of  the  total  direct  energy,  and  the  B-52D/F  fleet 
represents  only  a small  proportion  of  the  Program  I consumption.  Thus 
* the  total  USAF  energy  consumption  is  reduced  by  only  about  5.5  percent 

in  1978.  This  is  a fairly  small  percentage;  however,  it  represents 
about  34  trillion  Btu  in  programmed  energy  consumption  in  1978. 

Several  lessons  can  be  drawn  from  this  exercise.  The  first  is 
that  attempts  to  make  sizable  changes  in  Air  Force  energy  use  must  be 
directed  towards  those  areas  where  a great  deal  of  energy  is  used.  The 
areas  with  the  most  potential  appear  to  be  Programs  I,  II,  IV,  and  V 
(see  Fig.  9).  Ancillary  support  energy  would  also  appear  to  have  po- 
tential, but  its  nature  makes  it  less  susceptible  to  analysis  regarding 
energy  conservation.  Much  of  the  energy  consumed  in  ancillary  support 
is  for  creature  comforts,  such  as  heating,  lighting,  hot  water,  etc., 
and  while  changes  in  the  amounts  of  such  energy  consumed  per  person  are 
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certainly  possible,  they  cannot  be  analyzed  with  this  model  because  the 
model  is  designed  to  use  programming  information  concerning  the  PME  as 
inputs  and  because  support  energy  is  estimated  as  a function  of  direct 
energy.  As  a result,  the  model  will  only  show  changes  in  support  energy 
due  to  changes  in  direct  energy,  and  not  changes  in  support  energy  that 
result  from  structural  changes  in  the  use  of  energy  for  support. 

The  second  lesson  is  that  desired  substantive  changes  are  difficult 
to  realize  by  making  changes  that  are  relatively  cosmetic.  The  data  in 
Table  4 show  that  six  aircraft  consume  about  70  percent  of  the  direct 
energy  in  the  Air  Force,  and  that  the  next  largest  consuming  aircraft 
uses  less  than  3 percent.  Thus,  if  a reduction  of  more  than  3 percent 
in  energy  use  is  desired,  the  planner  is  faced  with  the  choice  of  al- 
tering the  flying  activity  of  either  a few  of  the  top  six  aircraft  or 
many  of  the  remaining  aircraft.  This  is  demonstrated  quite  clearly  in 
the  B-52D/F  exercise  used  here  as  an  example. 

To  carry  this  further,  program  changes  which  result  i.i  the  substi- 
tution of  nonflying  activities  for  flying  activities  should  lessen  Air 
Force  energy  consumption,  particularly  if  any  of  the  "big  six"  energy- 
consuming aircraft  are  involved.  The  use  of  simulators  as  a replace- 
ment for  flying  would  reduce  energy  use,  particularly  if  they  could  be 
used  outside  of  Program  VIII  and  with  the  C-141,  B-52,  F-4 , or  KC-135. 
The  substitution  of  satellites  for  reconnaissance  aircraft  would  also 
save  energy,  as  would  the  replacement  of  bombers  by  ICBMs.  These  qual- 
itative assessments  are  easily  made.  However,  in  order  to  quantify  the 
energy  changes  and  to  assess  their  long-term  effects,  it  is  necessary 
to  use  the  model.  This  is  particularly  true  if  changes  are  made  in 
more  than  one  program  and  in  more  than  one  year. 
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V.  GUIDE  TO  USE  OF  THE  MODEL 


As  previously  indicated,  the  model  is  designed  for  use  by  force 
planners  and  others  who  are  concerned  with  projections  of  force  size, 
composition,  and  activity  rates  for  the  Air  Force.  A description  and 
listing  of  the  FORTRAN  IV  computer  program  are  given  in  Appendix  A. 

In  this  section,  a hypothetical  example  is  given  illustrating  the  use 
of  the  model.  Inputs  required  for  the  model  are  described,  followed 
by  illustration  of  the  output  of  the  model.  A complete  set  of  data 
used  to  produce  the  output  results  for  the  hypothetical  example  is  ap- 


pended  to  the 

FORTRAN  IV  program  listing  in  Appendix  A. 

» 

MODEL  INPUTS 

The  data 

are: 

cards  (exclusive  of  job  control  cards)  for  the  input  dec! 

Card  1: 

Run  title  (72  columns) 

Card  2: 

Base  year  (4  columns) 

i 

Card  3: 

Program  name  (72  columns) 

Card  4: 

Program  element  name  (12  columns) 
Program  element  data  cards 

End  designator  cards  (3  columns) 

Each  program  element  data  card  contains  six  data  entries.  Each 
entry  on  the  data  card  is  identified  by  an  index  number  ranging  from 
001  to  079.  The  number  of  program  element  data  cards  is  dependent  on 
the  number  of  program  elements  to  be  analyzed.  It  is  open-ended  in 
the  sense  that  the  number  of  program  elements  that  are  entered  is  un- 
limited (within  the  bounds  of  practicality). 

There  are  four  end  designator  cards.  They  signal  (1)  the  end  of 
a program  element,  (2)  the  end  of  a program  containing  one  or  more 
program  elements,  (3)  the  end  of  a run,  and  (4)  the  end  of  the  session, 
indicating  all  input  data  have  been  processed. 


-J  1 


The  definition  of  each  of  the  indexes  used  in  the  model  is  given 
in  Table  7 and  two  samples  of  input  data  are  shown  in  Figs.  11  and  12. 
Lach  input  sheet  contains  exactly  the  same  data.  Both  illustrate  that 
the  order  in  which  the  data  are  entered  is  immaterial  . The  index  is 
coded  in  the  first  three  columns  followed  by  the  data  value  for  that 
index  in  the  next  eight  columns.  Each  field  of  data  is  separated  by 
one  column  space.  If  a data  value  repeats  itself  for  several  consecu- 
tive indexes,  it  need  not  be  entered  for  each  index.  A value  of  (-1) 
may  be  used  as  the  data  entry  value  for  the  first  index  of  repetition 
and  the  model  repeats  the  initial  value  for  the  remaining  indexes.  A 
value  of  (-2)  as  the  data  entry  value  tells  the  model  that  this  is  the 
last  index  of  repetition.  The  (-2)  may  be  omitted  if  the  data  values 
are  repeated  for  the  remaining  indexes  in  the  category.  Examples  of 
this  procedure  are  shown  in  Figs.  11  and  12.  If  an  index  and  data  value 
are  not  provided  for  a program  element,  the  model  uses  the  last  read 
value  associated  with  the  index,  or  0 if  nene  has  been  read. 

Most  of  the  index  definitions  given  in  Table  7 are  self-explanatory; 
however,  the  following  comments  may  be  helpful. 


Index 

001-060 


062 

063 

064-066 


069 


Comment 

These  are  divided  into  six  sets  of  10  each  with  the 
first  and  last  number  in  each  set  corresponding  to  the 
first  and  last  year  being  analyzed. 

*fhenever  the  fuel  type  is  changed,  a corresponding 
change  must  be  made  for  index  063. 

See  062. 

T.iese  are  values  for  the  coefficients  in  the  equation 
for  calculating  fuel  consumption  rate.  They  may  also 
be  used  for  other  similar  equations  having  three  or 
less  coefficients. 

The  value  entered  here  is  unity  if  all  program  elements 
that  contribute  to  direct  energy  consumption  are  in- 
cluded in  the  analysis.  However,  as  we  have  seen,  a 
few  program  elements  are  major  energy  consumers  and  ac- 
count for  the  bulk  of  the  energy  used.  There  are  also 

(continued  on  p.  35) 
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Table  7 

USAF  ENERGY  CONSUMPTION  MODEL  INPUT  INDEXES 


OOl-OlO  Aircraft  unit  equipment  (LE)  or  missile  UE 

011-020  Type  of  flying  hour  input  (1  - flying  hour  per  UE,  2 ■ 

total  flying  hours) 

021-030  Flying  hours  per  UE  or  total  flying  hours  for  each  type 

UF. 


031-040 

041-050 

051-060 

061 


062 
06  3 

064,  065,  066 

067 

068 

069 


Fuel  consumption  rate  per  flying  hour 
Speed  of  hypothetical  aircraft3 
Weight  of  hypothetical  aircraft3 

Identification  of  program  element  type  (1  ■ real  aircraft, 

2 » hypothetical  aircraft,  estimated  fuel  consumption 
rate,  3 • hypothetical  aircraft,  calculated  fuel  consump- 
tion rate,  4 - missile) 

Type  of  fuel  for  aircraft  (1  • jet  fuel,  2 ■ other  type 
fuel) 

Conversion  factor — gallons  to  Btu 

Coefficients  for  hypothetical  aircraft  fuel  consumption  rate 
equation  [e.g.,  F.C.  • F(064 )* speed**F (065 ) *we ight**  F(066) 
C^ear  designator  (0  - do  not  clear,  1 - clear  all  data) 

Input  dump  designator  (0  - do  not  print  Input  dump, 

1 ■ print  input  dump) 

Direct  energy  modification  factor.  Total  Direct  Kner- 


gy/F(069) 

070  Electricity  consumption  factoi  for  missiles  (150,000 
kWh  per  missile  per  year) 

071  Diesel  fuel  consumption  factor  for  missiles  (1165  gal 

per  missile  per  year) 

072  Consumption  factor  for  motor  gasoline,  %,  direct  support 

073  Consumption  factor  for  distillate  fuel,  X,  direct  support 

074  Consumption  factor  for  residual  fuel,  X,  direct  support 

075  Consumption  factor  for  Navy  special  fuel,  X,  direct 

076  Consumption  factor  for  electricity,  X,  ancillary  support 

077  Consumption  factor  for  diesel  fuel,  X,  ancillary  support 

078  Consumption  factor  for  coal,  X,  ancillary  support 

079  Consumption  factor  for  natural  gas,  X,  ancillary  support 

End  Designators: 


666 

■ end 

of 

program  element 

777 

■ end 

of 

program 

888 

■ end 

of 

run 

999 

■ end 

of 

session 

/ 


3Used  to  calculate  fuel  consumption  rate  when  rate  is  not  estimated. 
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AIR  FORCE  ENERGY  CONSUMPTION  MODEL 

INPUT  SHEET 

Analyst Dept.  Job  No. Project  No Date 

Field!  ;v  Field  2 V.<  Field  3 V\  Field  4 £ Field  5 Field  6 


T 0 6 


Index 


Comment 


a large  number  of  program  elements  that  individually  use 
very  little  energy.  For  example,  if  there  were  a total 
of  65  program  elements  and  25  of  them  consumed  an  esti- 
mated 95  percent  of  the  direct  energy,  a value  of  0.95 
would  be  entered.  This  adjusts  the  model  output  for  the 
remaining  5 percent  of  the  direct  energy  consumed  by  the 
other  40  program  elements  and  greatly  reduces  the  quan- 
tity of  input  data  required  in  order  to  make  reasonable 
estimates . 

070-071  These  are  direct  inputs  to  the  model  based  on  the  aver- 
age yearly  requirements  for  each  missile. 

072-079  Input  values  are  entered  as  a percent  of  direct  energy 
use . 

MODEL  OUTPUT 

An  illustration  of  energy  consumption  for  program  elements  in  a 
strategic  program,  general  purpose  program,  and  an  airlift  and  sealift 
program,  is  shown  in  Table  '1.  The  output  shown  includes  an  aircraft 
and  an  intercontinental  ballistic  missile  of  current  design,  designated 
the  B-99  and  CC-III,  respectively,  and  two  hypothetical  aircraft  desig- 
nated the  LB-1  and  LB-2.  (Designations  used  in  Table  8 are  fictitious 
and  are  given  to  demonstrate  the  model.)  The  fuel  consumption  rate  for 
the  LB-1  is  specified  by  the  analyst  as  input  values  (indexes  031-040). 
Ihe  fuel  consumption  rate  for  the  LB-2  is  computed  by  the  model  based 
on  inputs  of  speed  (041-050),  weight  (051-060),  and  EER  coefficients 
(064,  065,  066). 

Subtotals  of  energy  consumption  by  each  program  are  given,  followed 
by  the  total  direct  energy  consumption  for  all  three  programs.  Follow- 
ing the  output  data  for  direct  energy  are  tables  of  direct  support  and 
ancillary  support  energy  consumption.  The  direct  support  energy  tables 
give  the  energy  consumption  by  type:  motor  gasoline,  distillate  fuel, 

residual  fuel,  and  Navy  special  fuel  oil.  The  ancillary  support  energy 

table  also  gives  energy  consumption  by  type:  electricity,  natural  gas, 

fuel  oil,  and  coal. 


cONiUMPTlCN  PAT aS 


-36- 


m *N 

» r> 

t x 
n r- 


7*  >1 

• • 

t»  n 
r»  •*» 
*•>  x 


-10  3 30.3  0*00 

x •-  s j ^ r 

«l  i i • i i i i • 
Q — ~ — 

X *-  N *■*  9 -T  C 


•»  .*T» 

to  <N 

O «- 


o o o o 

O'-'OOOOOO 

''Noo^r'rn 
o*  o o 
r in 


<0  o 

m T> 
O'  N 


e cr 
(O  *N 
O'  X 


O N 
O 

o © 
• • 

'>4  ^ 
N O 

•- 


O N O O O O' 
O'  00 

O N 

J’*  •” 


O o 
•©  o 
— o 


O N 
o r* 
cj  .© 


o \ 
tr  r* 
CJ 


ONOOOO  — N 
.O'  f-  o 
O N 

vT  •- 


: r-  r-.  r c:  o 

O O 
O *N 


O O 

O o 


O N 

o r- 
O * 

IN  iT 


oceooor^ 
c-  *N  C*  c «T-  C*  O ^ 


O'  c 

O'  9 
cr  o 


o o 
^ o 


IN  J"> 
IN  O 
IN  ^ 


C N O C>  3 © C O 


LJ 

£. 


O © 

o c 
t <r 


o 9 

C,  IN 


IN  J- 
*N  O 
<N  •- 


O C 
O <N 

r>  *- 


O *N 

O ^ 
O O 
• • 

■N  iP 


> o o o o r* 
»••••• 
» o o o o 


O O 

o o 
o © 


O'  « 
O'  •- 
*•  O' 


o o 

X o 

o © 
o 


0000 


ne*- 

IflCOVN 


o © 

o i 

O'  o 

c*  r 


cr  cr 
cr  c 

o o 


cr  'N 
'j  r- 

c ^ 


r.  --  u. 


• iv  r r c © in  c~ 
o o 
C <N 
© •“ 


U 

►-* 

O 

K 


—i  rr 

< H 

r c 


.4  © 

x h 
« A 


Raproducad  from 
bast  availabla  copy. 


571003. 3.)  .71110,30  57  300-1.00  57C131.13  ->71000.00  5711)0.10  510000.01  570330.00  570000.30  S7r303.00  2I-JJ 

1305.21  10  35. 2B  1035.20  1035. 2H  1005.76  M05.2B  1005.20  IOOj.^h  10S5.2B  1305. 2«  31-40 

7 11.  rr  710.00  700.00  730. CJ  7C0.00  713.00  7CJ.13  7JO.30  700.00  701.30  4l-5v 

10)01.0'.  410  00.3  0 40C00.00  41030. OC  uoroo  ,0  C 40013.15  30  )03.03  401)0'). 30  40000.00  4001.3  0 51-00 

1.0)  1.00  IIICOC.O'J  l.fch  0.04  0.64  1.0  1.00  1 . 30  1.0  i>1-/0 


TEST  DUN  NO 


-37- 


r*»  X t 

-1  ”3  OiP 

< *n  o n 

^ f-  o 

(U,  V-  M 


'J  *-  X 
r ^ .p 
n -n  t 

•—  «n  n* 


0 

UT30  3 30  J'J 
x ■ — g *n  t in  .3  ^ x 
‘J  « 

n — •---»-'-r-^ 

r:  • — : ^ j ^ 


D O -3  o x 

X X»  o «— 

O T'  T>  "n  •- 


X r*  t a <— 

t *-  .-  — 

i -M  -g 

•O  t 

eg 


ifl  tr  o 

*■  J iPl  o 

'not  rr 

O «-  'n 


t n*  r*  O O 

'-tin  oooo  o o o o 


o o *» 


oooooooo 
*“  o 


a c 'N  c 

•“  £>  X*  r- 

<-'  ■not  ^ 

ex  • • • 

cr  o *-  x 


o 

IT 

n*  rr  re 

^ x *-  o or* 

-t  X OOOOOOOr* 

*•*  •••••••• 

^ "73  000000*-u' 

N 
t 


x*  o x X)  cr 

O O iP  N 3 
o t n n 

m “si  o *-  *n 

X 'N  X 

»g  -n 

rg 


T O IP  (T  iT 

o o x t r* 
•no  t n *- 


r g o •-  *- 

tr  v g cr 

">  rg  x 

rg 


^ IN  O O 

(N  r r rsg 

r O iT  X' 

O r-  X 


O r-  O 

O iP  c o •— 

r'V'X  ococooox 
^ o *-  O o O O o C r-  eg 

t 


•**“  o -g  — <r 
C*  O r*  r*  o 
m o t n r- 
• • • • • 
r*  n o - j 
"'J  ~g  r 

■t  <n  n 

rg 


in  "•■  x o 

IN  T »C  *•■ 

Pt  WiT  X 


X X 

cr  r-  T O - 

r-iTX  O C.-  O O O O 1^ 


Oooor-Oo  X 


x c — *C  C 

r C r **  'J>  ~g 

•n  o t r n 


T “4  O *-  T 
x ng  O 


► 


» 


m 


V)  f~> 

w m 
t-* 

«t  » 

cr.  in 

Z O 

O M 
W kJ 

H 

a.  w 

*:  ru 
D 

fn  t: 

X.  ►H 

o 

u X 
a 

sc 


» 

in 

U 


.J 

M 


r it  r o 

IN  *r  o ~r 

~ o X X 


r*  ,r»  r* 

^ ^ *M  - ,-t 

cT  r*  C'OC'COO  Pr- 

o U r-  C'C'C'OOCo'n 

tT  r- 

X 


CT*  C*  ^ X rg 

c*  c r'-ir 

m o 3 x r* 



*T  r^  c *-  X 

X>  rs.  r- 

.n  r.  X 

rg 


iT  o 

'not  in 

'n  *-  «c  x 


•“  x a-> 

•C  X o X •— 

*-'*r>r*  ooooooox) 


c •-  m 


o r_  *- 


OOOOC.OOC 

X 


x o »n  'n  x 

o o x t r* 

'not  x "g 

C N C r w*l 

■t  rg  rvj 

•D  r;  j 


-c  x n o 

m r-  (X)  x> 

in  n r-  o cr 

r*  ... 

X o »-  r' 


t X m 
£>  =*  O 
*-  vn  x 

O r*  f- 


o x -n 

OOOOOOXJ'vg 

• ••••••• 

OoOOOOO  — 

r* 

■t 


X o o C t 
O o o D o 
m o un  x z> 


»■  N3r  m 
*“  r g m 

r*  rg  t 

rg 


o c r g o 

'n  g r* 

■n  #-  r. 


o — 


T ? 'N 

a n t 
•"  n x 

O O r- 


O - 

OOOOO 

o o O O O j o un 

X o 

t o 


x o r*  cr  t" 

o o ^>  x -g 

'n  o in  o *n 

• • • • • 

N N *3  •-  -N 

CD  N t 

— nj  cr 

fN 


n fN  O 
t -T  O 


O 

X 


*“  •-  c 
r*  r-  v 
»-  *n  x 

c o «- 


o o - 

o O-'-'C'OOO*- 


000000*-^ 

t 


x o t 'n  in 

CO'-  rin 

*n  o ir.  r*  x. 


m rsj  o *“  C* 

o 'N1  in 

T rg  t 

rj 


O 

O 


U 

M 

o 


H 

< 

a : 
H 
in 


u 

ri^  ^ 

*4  X, 
riJ  n 
l i 

x j o 
3 H 
ir.  vj  X 


— in  < 

o o • 


<z  o o coco 
r*  o o o c o t 


r«*  hJ 
►g  in 
oj  n 
> i 
x ^ : 

3 C I 

sc  O ( 


U 


I 

U 

u 


I 

X 

x 


O Cl  M.  »-■ 

r*  g a 

***  o i.n  r*  ^ 


t ni  o •-  cr 
rg  ng  in 
x rg  _r 

N 


L» 

X p-  J 

w f-«  4 in 

l i i i 
►4  U X h4  o 
4 < «e  31  4 (h 

-*•  o c sc  o ra 
!•■ 

C 

H 

C 


4 


'1 


£ 


1 


CONSnrFTION  hA T5S 

(uAL  IN  •ilLinNS,  KMH  IN  bl  LLIONS,  PT'J  • S IN  TFiLUCNS) 


-39- 


* r. 


o r- 
y — 
y ^ 


■r  r 

y o* 

->  7* 


Ot>  T> 

0 7*  r- 

7 7 9 O N 
T)  7*  ->  3 O 

9 — ^ 

X 04  M 

» 04  — 


— >1  O O O 

*70-0. 
•-  7. 


'*'5  8 6% 

7-  o ^ o* 

O'*  7 iT  *4 
* t ^ ^ 

ox  r 

7 K 


<r  o o c- 

87  75  *N  o 

7 4 O © 


C r- 
© r* 

o x 


o e 
O c* 
7 o 


' O 3CfN 


r c / u 7 

— '"'077 

7 © 7 iT  04 


O X 

oj  .T 
04  C 

— 


O O 7 

— © t- 

— 0007 

y o*  © © f» 


— ©04  — — 

— © © r-  oi 

x — > 7 »r  n 

7 7 0—  7 
r 7 y 
0 7 © 


"L  300- 
7 -N  © — — 


— © .7  i 

- r r*  * ■ 

X O 9iT« 


7 J*  O O 

y © j*  — 

7 © — — 

• • — 
7 X 
04  7 


O 

©!  O 

rg  •- 


y o,  c*  © iT* 


■ © x y — 

• © T — © 
5 0 7 r — 


7 0 o © 

<7  7 X C 

7*  7*  © O 

7 7*  *"" 

lT  7 
04  •- 


04  X 

r<  o 

r*j  •- 


O O 

o o 

7 O 


7 0 7 

3 C O 

— 0007 

7 o*  © C 7 

or  fN  rv 

X © — 


— O — — O 

— O * 7 7 
X-  C 7 X — 

O 9 c - 

7 7 7 

04  7 * 


7 X 
7 <j 
7 — 


O ct 
© © 
e o 


o o 
o o 

7 C 


7 0 7 

O O O 

— O ->  O O 

7 oj  O O 7 

— Oj  — 

7 fM  — 


►J  © O O vO  — 

•<  — O O X 04 

H X O U~  X — 

L • • • • • 

I-  04  7 O oj 

Ol  7 X 


7 0 O C 

7 o*  X O 

7 -M  © © 


O Ol 

O x 
o r 
• • 
"N  uO 
04  O 
04  — 


o c 
o o 
7 O 


7 0 7 

90  © 

— O O O 04 


— O © 7 kT 
'■3  0 0 7 
o 7 in  x •—» 


7 »r  o o 

7 — 7 0 

7 7 — O 


— 7 

— 04 

7 7 


— C 7 — -O 

— O — — X 

fi  O fl  K <“ 

X 7 o x 


I 

ft 


7 r 
7 X 


c o 
c © 


c © 

c x 

O’  C 

r — 


c © 
*-  c 

7 O 


7 O!  O © X 

Ol  04  -» 

O ©.•  *-» 


x o it  © o 

7 7 f r-  — 

7 7 — 

X 7 7 


o r i - o 

iiii 

-j  _ x -j  c 
< o l*  sc  e a 


f-  X f*.  *J 

u b -j  tr 
— O i»:  r> 
iiii 

-j  ~s  x _>  rs 

«<«  > <h 

C U H L*  I 


k 


(I,\L,  is  ZILLIONS.  C JF-  IN  BILLIONS,  Hit!  ' i IN  TRILLIONS) 


40' 


X 

p 


p -ri 

p -r 

■vj  n 


o o 
o 

— O 

*-  r 


■t  c 
X -P 
e p 


T *“ 
C P 


ir  cr 
n p 
p o 


x *n 
x no 


x •- 

PJ  O' 

in  r- 


m ?r 

-o  *- 


*-  nr* 

O'  rr 
■n  n 


p.  iTi 

*-  PJ 


o a 

iT  *“ 


n «— 
*—  ~r 
T'  p 

x p 
-p  r- 
3 o 


f r- 

r r 
pj  x 


iT  x 
© r 

r\j  rg 


o p 
o o 


X)  X 
p in 


p «r 


— p 
in  rg 
•“  Pi 


o O' 

IT  O 


p x 
O'  x 


O Ip 
P rr 


iT  P. 
P iT 


r j 


-n  O' 
•n  3 

o O' 


o x 

o -r 
"N  3 


O PI 

•n  r-! 

c — 


PJ  *- 

o »p 
-n  -r 


x *- 
O o 
x P 


C O' 
■'l  X 

r-  r- 


X iT 
O'  o 
PI  X 

PJ  iT 


05  7) 
IT  (O' 


X O 
O'  O' 


O X 

*-  -X 


03  Pi 
p XI 
X o 


O'  iT 
x in 
nn  r- 


o c 
x •- 


O ct 

O'  o 
X X 


O O' 
x cn 
o Pi 


x *- 

3 X 


O PI 
in  x 
P *3 

in  n 


O Pi 

p pi 

7 O 


O X 
it  X 


c o 

P ""l 
X)  Pi 


o e 

rr  l - 
*-  iT 

P Lp 


C*  X 


X P 
O X 
"J  o 


Pi  X 
X o 
X iT 


P *- 
X o 

o p 


O iT 
*-  3 


PI  iT 

p <n 
Pi  -x 


p a 
p o 
O 3 


PI  PI 
O'  x 

X r- 


P X 
T *“ 
tr>  rr 

p o 


X iT 
P P 


P lP 
iT  O' 


in  ip 
O rn 


P O 
-7  X 


0 iP 
(O'  P 

*—  c 


x p 
P P 
m p 


p in 

in  x 
pi 


pj  in 

n a* 
in  o 


rg  x 
x 


r-  p 
~n  f- 
p \i 


x rr> 

P nr 


O'  — 

x n 


«-  pi 

nr 

O'  pi 
c 3 


Pi 


o O' 
iT  -7 
O'  p 


CO  nr 
Pi 


O'  X 
X <N 
O'  Pi 


X O 
O'  P 


P O 
O X 

o — 


X P 

P iT 
C,  X 


a O' 

"T  -T 

o o 


m x 

p p 


PJ  r- 
X 
P p 


P P 

*-  O 


P ~T 
O O 


PI  o 
X X 

o n 


o in 


P X 
O O' 
O'  PJ 


O X 


PJ  p 

rr  o 

X PJ 


P O' 
P r- 


X x 

o o 


Pi  o 
© f" 
X o 


P O' 


f- 

H 

in* 

hJ 

3 

h 

r? 

r-j 

3 

© 

3 

3 

3 

- 3 

ft. 

X 

X 

3 

3 

p, 

© 

ft-  © 

nr. 

3 

•r 

<e* 

r. 

n 

«c 

p- 

«c 

«r 

|4 

ft. 

>-  3 

H 

«r 

P 

o 

p- 

m 

© F- 

• 

C 

c 

O 

P. 

0- 

p- 

'J1 

ir. 

w 

C* 

n 

cr 

ro 

F-  iC- 

C 

ff. 

H 

CP 

< 

U cr 

o 

o. 

on 

H 

U 

on 

M 

cj: 

T. 

Oi 

< 

•a; 

Pu 

u 

•J 

3 

•p 

•x 

< 

r. 

p 

M 

P 

on 

3 

u. 

ru 

c 

< 

X 

(£ 

n 

3 

►4 

< 

H 

rr. 

►J 

CG 

H 

C 

F- 

H 

>9 

•c 

n4 

U 

© 

U 

H 

on 

on 

P 

E - 

n4 

Pi 

1*1 

«oC 

M 

H 

h* 

PI 

C 

M 

u- 

o 

1-9 

M 

O 

IT. 

3« 

> ' 

a 

a. 

S' 

H 

u 

u: 

U 

H 

1 


Reproduced  from 
best  available  copy. 


BTU  227.NS7  223.195  219.  1 33  2 14.  t)71  710. bQ9  295 . J47  202. C35  1 )7.82  * 193. Sol  189.2  )9  2034.7  74 


TOTAL  DIRECT  ENERGY 


41 


-42- 


A summary  of  all  energy  consumed  by  the  Air  Force  is  given  on  the 
final  page  of  Table  8.  It  shows  the  yearly  and  cumulative  10-year  to- 
tals for  ine  three  categories  of  energy  plus  the  total  of  all  three. 

The  primary  unit  of  measure  used  throughout  the  program  is  Btu. 

AH  direct  energy  is  calculated  in  this  unit  of  measure  by  converting 
gallons  of  fuel  consumed  to  Btu.  Direct  support  and  ancillary  support 
energy  consumption  are  computed  as  ratios  of  direct  energy  consumption. 
For  the  convenience  of  the  analyst,  output  results  are  given  in  both 
energy  units  and  physical  units.  For  example,  consumption  of  electric- 
ity is  expressed  in  kilowatt-hours,  coal  in  tons,  natural  gas  in  cubic 
feet,  and  petroleum  products  (fuel  oil,  motor  gasoline,  etc.)  in  gallons. 
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Appendix  A 
COMPUTER  PROGRAM 


COMPUTER  MODEL 

One  main  routine  and  several  subroutines  are  used  in  the  computer 
program.  A brief  description  of  each  follows. 

Main.  The  main  routine  primarily  does  the  bookkeeping  for  the 
model.  It  sets  up  the  initial  conditions  and  performs  the  executive 
function  of  calling  for  the  appropriate  subroutines. 

Subroutine  Read.  Reads  irput  data  for  the  program  element  to  be 
analyzed . 

Subroutine  Element.  Calculates  direct  energy  consumption  based  on 
flying  hours  and  consumption  rates  for  each  program  element  and  accumu- 
lates direct  energy  consumption  for  all  program  elements.  This  accumu- 
lated direct  energy  sum  is  used  to  calculate  direct  support  energy  and 
ancillary  support  energy.  Definitions  of  the  terms  used  in  this  sub- 
routine follow  (I  = year): 

Aircraft 
G(1,I) 

G(2,I) 

Sum  (1) 

Sum  (2) 

Missiles 

G(1,I)  = electricity,  kWh,  for  each  missile,  each  year 

G(2,I)  - diesel  fuel,  gal,  for  each  missile,  each  year 

G(3,I)  = diesel  fuel,  Btu,  for  each  missile,  each  year 

Sum  (1)  = kWh,  for  each  missile,  all  years 

Sum  (2)  = gal,  for  each  missile,  all  years 

Sum  (?)  = Btu,  for  each  missile,  all  years 

Sums  for  Each  Program 
Sums  (1,1)  = jet  fuel,  gal 
Sums  (2,1)  = other  type  fuel,  gal 


= aircraft 
= aircraft 
= aircraft 
= aircraft 


fuel,  gal, 
fuel,  Btu, 
fuel,  gal, 
fuel,  Btu, 


for  each 
for  each 
for  each 
for  each 


aircraft , 
aircraft, 
aircraft , 
aircraft, 


each  year 
each  year 
all  years 
all  years 
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Sums  (3,1)  = electricity,  kWh 
Sums  (4,1)  = diesel  fuel,  gal 
Sums  (5,1)  = diesel  fuel,  Btu 


Sums  for  All  Programs 

Sums  (6,1)  = electricity  for  missiles,  kWh  converted  to  Btu 

Sums  (7,1)  = diesel  fuel  for  missiles,  gal  converted  to  Btu* 

Sums  (8,1)  = jet  fuel,  gal 

Sums  (9,1)  = other  fuel,  gal 

Sums  (10,1)  = electricity,  kWh 

Sums  (11,1)  = diesel  fuel,  gal 

Sums  (12,1)  = total  Btu 

Subroutine  Outl.  Prints  tables  of  direct  energy  consumption  by 
program  and  total  direct  energy  consumption  for  all  programs. 

Subroutine  Supp.  Calculates  direct  support  energy  consumption 
and  ancillary  support  energy  consumption  as  a percent  of  total  direct 
energy  consumption  by  all  program  elements. 

Subroutine  0ut2.  Prints  tables  of  ancillary  support  energy  con- 
sumption, direct  support  energy  consumption,  and  a summary  of  total 
Air  Force  energy  consumption. 

Subroutine  Dump.  Prints  out  all  input  data  for  each  program  ele- 
ment if  so  requested. 


Separately  accounted  for  and  subtracted  from  ancillary  support 
energy  totals. 


* 


1 


w&am  - - g 


1 

p 


KfllINTt  LINFS*  NELEM,  MPAGE  , NPROG,  NRIJN,  FLEM(T) 

prog ( ih  ) , run  ( i r ) 


r. 

c 

c 

c 


c 

c 

c 

r. 

c. 

r. 


r. 

c 

c 


c 

r. 

c 


c 


c 

c 


MAIN  RUllT  1 NF  FUR  AIR  FflRCF  ENERGY  Cl  IN  Si  IMP  T 1 1 in  Ml  l|)F  L 


PRINT  HFAITING  E|N  SFPARATF  PAGE  . 

10  WKITF  (A,  ?0) 

pn  FORMAT  ( 1H1////////////  TAG,  'AIR  FORCE  ENERGY  ' 
1 ' C.  0 N s 1 1 M P T I 1 1 N M I ) o F L ' ) 

set  run  Count fr  to  zero, 
a r i i n = o 

SET  CLFAR  npMGMATOR  TO  1. 

E(ib7)  = 1. 
start  of  run  loop . 

SET  PAGE  NUMBER  |T|  1 . 

V ) M PAGE  = I 

step  rum  COUNTER  By  1. 

I'  R I IN  = NR  ON  + 1 

SET  VARIOUS  niRECT  ENERGY  TOTALS  TO  7FRI1 
no  AO  I = is, 

on  ss  j = i,  ii 

SUMS! I , j)  = n. 

7 b r.ONT  1 N 1 1 F 
AO  CONTINIIF 

READ  ROM  TITLE. 

RFAn  (b,  SO)  (RllN(I),  I = 1,  1R) 

bO  FORMAT  ( 1 HAS  I 
RFAO  BASF  YEAR. 

READ  ( b * AO  ) MYF AR (1  ) 
bO  FORMAT  ( I 4 ) 

CALCULATE  REMAINING  NINE  YEARS. 

00  70  I = ?,  10 

N Y E A R I I ) = NYEAk(I-I)  + 1 

7(1  continue 


SET  PROGRAM  C.  IIIMTER  TO  7ER0. 

A'  PROG  = 0 

ST  ART  OF  PROGRAM  | i|OP. 

REAr)  PROGR  SM\  NAME  CARn. 

RO  READ  (b,  SOJ  (PROG(I),  I = 1,  18) 

PRINT  HEADINGS  ON  NEN  PAGE. 

WR  I TE  (is,  40  ) ( RUN!  I ) , I = 1 , 1R  ) , 

1 ( NYF AR ( I ) , 1 = J , ln ) 

°°  FORMAT  < 1 H 1 / T 7 , 1hA4,  T122,  'PAGE 
\ 'RATES'  / Y 7 8 , '(GAL  IN  MILLIONS, 

2 ' TR I LI  IONS ) ' //  TO,  lftAA  III  T2b, 
rtep  PAGE  MUMMER  HY  1. 

N PAGE  = MrAGE  + 1 

SET  LINES  COUNTER  TO  10. 

LINES  = 10 

STEP  PROGRAM  COUNTER  BY  1. 

I'lPRIIG  = MRROG  + 1 

SET  VAR  I 1 0 i s PROGRAM  TOTALS  Til  7ER0 
nil  HO  I = i,  b 
Oi  i 100  ,|  = 1 , ii 

S I )M  S ( I , J ) = o . 

100  continue 
110  CONTINUE 


NP  AGE , IPRIJG(I),  I = 1,  18), 

•»  IT  II  Tbfl, 'CONSUMPTION  ' 
K'-'H  IN  BILLIONS,  BTU ' 'S  IN  ' , 

1 0 ( 18,  6X ) • T 127,  ' TOTAL  ' ) 


Reproduced  from 
best  available  copy. 


Sr  T PROGRAM  ELEMENT  COUNTER  Vi'  ZERO. 
nflem  = n 

start  of  program  flpmfmt  loop. 

Gl  far  all  INPUT  VARIABLES  IN  COMMON  if  designated. 

l?n  IF  ( F ( S 7 ) .MF  . 1 . ) GO  TO  14f> 

on  pn  1 = 1,  ho 

FI!)  = 0. 

1 TO  FONT  1 N I ! c 

STFP  PROGRAM  FLFMFMT  COONTFR  BY  1. 

140  NFL  EM  = N F L F M + 1 

RFAO  |N  OATA 
CALI  RFAO 

C.GLCOLATF  llliTPIIT  BY  PROGRAM  element 
CALL  FLFMMT 

PRINT  RESULTS  BY  PROGRAM  F L F M F N T . 

CALI  01  IT  I 

branch  depending  on  fno  ofsigmaior. 

IF  ( 1 FNO  . pn.  SAB ) GO  TO  | ?n 
IF  II P MO  .FM.  77 1 ) GO  TO  HO 

CALCULATE  i'IRFCT  SUPPORT,  ANCILLARY  SUPPORT  and  air 
iso  r.Al.l.  SoPP 

IF  IIFNP  . Fo.  ,thh)  Go  ,0  1 TO 

PRINT  TERMINATION  SI'AIFf'FMT  i)»i  MEW  PAGF. 

WRITE  (6,  1 M'  ) 

ISO  FORMAT  I 1 H 1 /T10,  • AI.L  OATA  HAVE  BEEN  PROCESSED  --  JOB 
CALL  F X I T 
END 

SI  IP  ROOT  I MF  RFAO 

COMMON  F ( HO  ) , GlH.ll),  SOM(Il),  Sl  IMS  I 1 ? , 1 1 ) , NYF 


FORCE  TOTALS. 


TERMINATED.  1 ) 


n | MFNS I ON 


E ( HO  ) , GlH.ll),  SOM(Il),  SlIMSl  1?,11  ) . NYEARIln),  I b N 0 , 
KO0MT,  LINES,  NFI.EM,  NPAGF  , NPRIG.  NR  I IN,  F L *-  M ( T ) , 

PROG  I 1«),  R 1 1 v I 1H) 

F 1 l h ) , 11(F) 


SIIBPIIIIT  IMF  For  hPAO|MG  IN  OATA 


RFAO  PROGRAM.  FL-i"EimT  NAME. 
RFAI1  IS,  ?0)  I F | F ,v'  I I I , 1 = 1 , 

FORMAT  I TA4  ) 

1 = 0 

R F A 0 OATA  CAPOS. 

RFAO  IS,  40)  (IKK),  FI  IK)  , K 
FORMAT  (SIIT,  FH.O,  IX) ) 

on  so  k = i,  s 

IF  I I 1 I K ) . GT.  HO)  Gl  i TO  SO 

IF  (I1IK)  .£('.  0 .AN  i , F 1 I * ) , 

IF  I MIX)  . FO . 0 . AND . F 1 | K ) , 

IF  lll(K)  . I.  T . 0)  GO  TO  110 


on 

SO  K = 

1 . 

I F 

(I1IK) 

.GT 

1 F 

(I1K) 

.50 

1 F 

( 1 1 1 K ) 

.Fo 

1 F 

1 ll(K) 

. L T 

1 = 

I1IK) 

Fill  = FI 

1 K ) 

COl'iT  1 Ml  IF 

\\  1 1 

TO  TO 

i fmo  = i i 

1 K ) 

1 F 

| | FMO 

.of  . 

III  SO 

to  no 


1 1 F iM  n , M P 

IF  I F ( SO  ) 


1 F . S S S 
NO1-')  GO 

.F<>.  o.) 


.AMO.  I FNO 
TO  HO 
P I BH  ) = .1  , 


P ill  l T I M c FIW  REPEATING  INPUT  OATA 
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C 


c 

c 


c 

r. 


c 

c 


c 


c 


c 

c 


c 

c 


c 


c 


c 


c 


L = 0 

7'i  i = i.  + i n 

R O K = K + 1 


I E 

(<  .GT. 

(SO  ) 

R R T 1 1 

RN 

I E 

<K  .EH. 

L ) 

Gil  Til 

70 

! E 

( H K ) . 

MF  . 

(-1.  ) 

) Gil 

To 

HO 

no 

jn  j = 

K,  L 

I E 

(F(,n  . 

FO. 

(-7.  ) 

) GO 

TO 

I no 

E ( .1  > = MJ-ll 
00  c Hl'l T I W I I P 


K = L 

f;ii  f n 7n 

ion  f-(j)  = h ( j- 1 ) 
K = J 
Go  to  r o 


P«[OT  FRROR  MFSSAGF. 
110  WRITF  (,s,  1?0)  J 

1?0  FORMAT  < 1 HO  / T *>  , • A \I 

1 • ENTER FO  PROPERLY. 

2 'THIS  JIJH  HAS  K F F m 
CALL  F X I f 


lH'lFX  FOR  AO  INPUT  VARIARLF 
THE  LAST  CORRFCT  IMOFX  WAS 
TFrm | MATED. • ) 


EM|0 


HAS  MOT 

, n,  « 


KEEN  • , 
’ / IS, 


SlJRRUUT I MF 
COMMON 

1 

2 


fi.fmnt 

f(RO),  r,(H,ll),  Som  ( 1 1 ) , SiiMS(  12, 11 ) , NYEAR(lo), 
K1IIINT,  (.INFS,  NFI.FM,  NPAGF,  MPROG,  NRIlM,  FIFM(3) 
PR  fir,  ( i«  ) , ron(  is  ) 


I END  , 


SUHR  Ol  IT I NR  FOR  CALCULATING  ENERGY  COSHMPTION  KY  PROGRAM  ELEMENT 


SET  VAR  1 1)1  IS  TOTALS  TO  ZERO. 
SIIM|  I ) = o. 

S I IM  ( 2 ) = 0. 

S(JM  ( 3 ) r 0. 


CONSTANT  TO  CONVERT  PHYSICAL  OMITS  TO  MIL'  IONS 

amo  rtii's  to  trillions 

D 1 - 10.  ’!•'  * ( — A ) 

constant  to  convert  kwh  to  millions 

07  = 10.  **  (-9) 

test  if  PROGRAM  element  is  MISSILE. 
if  ( E ( A 1 ) .GT.  0.  ) GO  TO  4Q 

START  LOOP  to  calculate  AIRCRAFT  enfrgy  CONSUMPTION 

DO  TO  I = I T 10 


DY  YFAR. 


!e  AJK^AFT  ANn  Nn  FC/FH  ESTIMATED,  CALCULATE  FC/FH. 

IF  (F(61)  .FO.  T . ) F(  1+30)  =F  ( 64  ) *F  ( I+40)**F  (65  )*F(  I+5Q  )**F  ( 66  ) 
GALLONS  CONSUMED 

TEST  FOR  TYPE  (iF  FLYING  HOUR  INPUT. 

G(I,I)  = F ( 1+20)  * F ( 1+30)  * pi 

IF  ( F ( I + 1 0 ) .FO.  1.)  G ( 1 , I ) = G ( 1 , I ) * F(I) 

PTU'S  CONSUMED 

G(?,I)  = G ( 1 , I ) * F(63)  4 01 

suMnLISsuM?nTrG(!i?J)ALL  YEARS  flNn  ALL  PR0GRAM  ELFMeNTS- 

SlJMI?)  = SUM  ( ? ) + G ( 2 , I ) 

SI  IMS  ( 5,1)  = SUMS!  5,  I ) + 0(2-1  ) 

SUM  FOR  ALL  PROGRAMS. 

SUMS!  12, I ) = SUMS! 12,1  ) + 0(2,1  ) 

IF  HYPOTHETICAL  AIRCRAFT,  OFTFRM I MF  FUF(  TYPE 
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IF  ( F ( A 1 ) 

1.) 

Gt  l 

111 

?n 

SUMS! 1 , I 1 

= sii-'sn. 

I ) 

+ 

0(1, 

SIMS  ( H , 1 ) 
Oil  Til  SO 

= STASIA, 

1 I 

+ 

0(1, 

?n 

IF  ( F ( A? ) 

, F 1 • . ? . ) 

OH 

? A 

SUMS! 1 , l ) 

= SUMS ( 1 , 

I ) 

+ 

oil. 

siimsi  h , n 

on  TO  JO 

= MfT(H, 

I ) 

+ 

0(1. 

? A 

SI  IMS  ( 7.1) 

= SII^S(?, 

I ) 

+ 

0(1, 

SUMS! 0,  I ) 

= SOMSIP, 

I I 

+ 

0(1. 

SO  f.HNT  TNl|F 

ninwF  for  a I R c r a r-  t , rftmrm. 

4 F T 1 1 R M 


ao  r. f im s t i = losnn. 
const?  = nyiinn, 

START  | OOP  TO  C.  A |.  C,  I II.  A T F MJSSII  P FMPUGY  (. I )f' Si  l -IR  T I DM  hY  YPAR 

no  so  I = I , in 

Pi  I- C TRICITY  CONSHMFI),  KWH  AMO  HTH'S. 

MM)  = f ( I ) * p ( 70 ) n? 
mtiiki-jH  = o (l.i)  const l * . ooi 

0  I FSCL  F 1 1 F | CiiSHMFn,  GAL'S  AMO  :*  | 1 1 • S . 

M ?,  I ) = HI)  F(  71  ) * m 

ft  i in  si.  = o(?,n  » const?  f ni 
MU  ) = mthkwh  + iiTonsL 

SOM  KWH'S,  (SAL'S  AMO  HTH'S  FOR  A|.l.  VI-ARS  ASH  A L L PrI  i'-><  A ’A  p L F •'  F . 1 s . 
S I |M  ( 1 ) = SUM  ( 1 ) + 0(1,1) 

Siim(  ?)  = SOM?)  + o(?,i) 

SOM(  ? ) = si  im  < s ) + r,(  s,  I ) 

si  im  s ( s » i ) = siimsi  s,  i ) + o(i,i) 

SUMS!  A,  I ) = SUMS!  A,  I ) + (;(?,[) 

SUMS!  S , I ) = Ki  MS  ( S,  I ) + 0 ( S , I ) 

SUM  for  ALL  PROGRAMS. 

SI  IMS  ( A , I ) = Sr  IMS  ( A , I ) + HTUKWH 

SilMSf  7,  I ) = SUMS!  7,1)  + RTiinSI. 

SUMS!  10,1)  = SIMAS  ( 10,|)  + 0(1,1) 

S l)M  s ( II  , I ) = SUMS  ( 1 1 , I ) + 0 ( ? , 1 ) 

sums ( i?,  i ) = si ims ( i?,  i ) + on,  i ) 

AO  CONTI  Ml  IF 

niINF  FOR  MISSII.FS,  RFTHKN 

AO  R F T I )R  PI 

FMn 


SDHRIilIT  IMF  MlTl 

COMMON  F(HO),  0 ( H , 1 1 ) , SIIM(ll),  S O A S ( 1 ? , 1 I ) , N Y F A R ( 1(1)  , |FMO, 

1 KOIIMT,  L INFS,  NFLFM,  M P A Oc  , Mt>p,OG,  l-IRIIN,  FLF'A(^), 

2 PKllGI  1 H ) , R I IM  ( m ) 

DIMFMSIOM  1 1 IF (10),  IFH(IO) 


SDRROHT  IMF  FOR  PRINTING  1)1  RFCT  FNFROY  SUMMARY  TAHLFS 


TFST  IF  PROGRAM  FI.FMFMT  IS  MISS1LF. 

10  IF  ( F ( A 1 ) ,GT  . S.  ) GO  TO  SO 
PRINT  AIRCRAFT  DATA. 

IF  ( F ( A? ) .FO.  1.)  WRITF  (A,  1 H ) (FLFM(I),  I = 1,  S), 

1 ( ( ( 0 ( I , . I ) , J = 1 , 10)  , S'  )M  ( I ) ) , i = ] . ? ) 

IF  ( F ( A ? ) .FO.  ?.)  "iRITF  (A,  ?())  ( F L F M ( j ) , ( = j,  3), 

1 ((((,(  I , J ) , .)  = 1 , 10)  , SUM(  I ) ) , I = |,  ? ) 

1«  FORMAT  ( 1 HO  , T 5 , S A4  / Til,  ' GAL-.1FT  ' , T 2 S , llMFH.S,  ?X),  T1?A, 


Reproduced  (rom 
best  available  copy. 


t FLFM(  1 ) , 


( ( ( 0 ( 1 . j ) , 


■*M  T 1 ) 4 6 


l bQ9*  / Til,  'RUIN  T?N  10(M.N  ? X ).  Tl?4,  (-9 

?° /('“MAT  (1H0,  T-i.  .A4  / Til,  ' r,AI.-,)TH  ' , T2.,  loN  . pX. 

^ ' Til.  •HTIM,  TP.,  UMM.T,  px,  TipZ.  f-i  ?XK  Tl?*’ 

^Tl-p  I.TMFS  f.nliMTFU  hy  i,  ' h 

I.  1 MFS  = I IMPS  + 4 
If-  ( F ( MM  ) .MF,  0,  ) ITI)  TO  44 

n'>  ??  I = l , in 
l"H  I ) = Fill 
IHH(T)  = F ( 1 + p 0 I 
22  r.HN'TlMilP 

2vi^;;!'£; "rA>:  •;« :?’TZ,. 

L I 'm  I-  S = L 1 m F S + . 
nil  Til  40 

PH  1NT  MlSSH.F  DATA. 

.0  WP1TF  (is  40)  (FI  F M ( 1 ),  I = j.  , ,,rM  |. 

1 I = i,  -i  ) 1 * 1 1 1 ’ 1 1 • •*,  * • •!  = 1 . 10 ) . si  I'M  I) 

STFP  LIMPS  r.miMTPR  n y 4. 

I | nip  s = II  MF  S + 4 

11-  ( F ( 4M ) .MF.  o.  ) ,11  Til  4A 

I'll  4?  | = 1 , )0 

IDF  I I ) = Fll) 

C ( IM  T | Ml  IF 

WHITF  (4,  44)  I 1 1 IF  ( | ) , , r 1,  j()) 

44  FORMAT  (It  / TIP,  • I IF  • , TP.,  1 0 ( |H.  PX)  ) 

I.  1 OF  S = 1.1  MFS  + P 
0 0 Til  SO 

PFIi'lT  I M PI  IT  Of )■<! p IF  l)FSlOMAT-n 
4 4 f.  A(.  |.  DliMp 

f- H F C K PUS  IT  1 i IV  U .i  PAGF. 

SO  |F  ( I.  I MF  S . L T . 4 | ) fill  ji  7 1) 

FH  1 «MT  MF  A D 1 Nff,  S UO  WFvJ  PAGF. 

',0)  1").  ''U''GP,  (PPDG(l).  , - I |H) 

1 ( nVi-AP  ( 1 ) , | = ] , jo)  * 1 1 * 1 I • I H ) • 

I.  1 Fi  F S = JO 

s t p p p a<;f  r. i * i ' m r f u . 

mPAGF  = impAGF  + | 

pftupm  Amo  C.Ai.r.iH  a i f mfxt  program  f i_-mfdt. 

fO  IF  (IFImII  . FO.  444)  kFTIIRM 

r. alcih.at f r.iipuFM  t 1 1 r a. i s . 
on  DO  I = 1 , 4 

oil  MO  .1  = I , 10 

SUMS!  I,  in  = SIMM  1,11)  + SI  II/S  (I,)) 
tiO  c,l  In  T I MI  IF 
90  C IlntT  I Mi  if 

PP  1 |\|  T PR  l IGR  A m T 1 1 T A |_  S 

WP  1 TF  ( 4.  | 00)  ( ( SUMS!  I ..)  ) , ,1  = 1 , 1 j ) , , . 1 s , 

inn  F,»u,  (1„  ,,  , , in  - j 

I T1».  M-.I  , ru,  n,,L.llTJ,.  • 


? 'KWH-Fl.hr.',  T PX  , lrifH.1,  ?*),  Tl?4,  1-9.7  / Til,  • r,  A L - > S L • , I pH  . 
^ 1 0 ( h H # T , ?X),  T l , F4.7  / Til,  'PT'I'.  T ? 7 . lD(FH.-t.  PX),  1 1 >>  /,  , 

a fr.  7 i 

1 I IM  h s = L I F S + ;; 

IF  (IFMI)  .LT.  huh  ) R P 1 1 1 p N 
ini  l ?n  l = h,  \? 
nn  l in  ,i  = i , in 

S i IM  S { f ,11  ) = MIMMI.II)  + SO"-SU,J) 
l 111  CM  T (NllF 
l?n  r.iiMTiMiiF 

IF  ( I.  INFS  . |.  T.  4H)  r,n  Tn  14  0 

'•JFITF  ( ft , 1R0)  ( q 1 1 1\1  ( 1 ) , 1 = 1,  1H),  MPAGK,  |MYC|,U|1  ),  I = ].  ]0) 

l-ut  F ( IP  M A T ( 1 H 1 / T 7 , 1 H A 4 , HP?,  'PAGE  ',  17  //  J SH  , • C i )\ S' ) "IP  T I I lM  ' 

l 'RATES'  / Tin.  '(r,AL  IN  MILLIONS,  «'-ih  IN  nlLl.IMMS,  MUM'S  I r,  ', 

? ' TR  1 1.1.  1 I IMS  ) • III  T 7 S , 10(14,  hi),  T 1 ? 7 , 1 T 1 1 1 A I.  ' ) 

i'  F A OF  = M p A OF  + 1 

FP|N|  T I IT  A I.  S Flip  ALL  PROGRAMS 

140  i.|PfTF  ( h,  IK  H)  ( ( SUMS  ( I ,.l  ) , ,1  = 1,  11),  I = H,  \?) 

1 VI  FflPMAT  ( 1H0/  T4  ? , M p * »•>  * ,}  * ;5  :;s  - » * a * - ...  ,,  , 

1 I*  * #>•  II  T SO,  'TOTALS  F 1 IP  all  PROGRAMS'  //  Til,  ' (,  A I.  - J F T ' , 

? TP7.  10(FP.7,  7X),  T l 2 A , F 4 . 7 / Til,  ' NAl.-ll  fH  ' , T ? 7 , 10(FH.7,?X) 

7 T 1 ?4 , F9.7  / Til,  1 KWH-FLFC  ' , 1?7,  1 O ( - P,  7 , el),  11PA,  pq,7  / 

4 Til*  'GAI.-OSI.',  T?7,  1 0 ( FH  ,T,  ? X ) , Tl?4,  FP.T  / Til.  'Hill',  TX3. 
K 10(FH.7,  ?x).  T 1 ? 4 , F 4 . HI 
RETURN 
Flvn 

SHhPOIITIMF  SOPP 

Cl  IMMI  IN  F(pn),  r,  ( H , 11  ) , SUM  < 11  ) . SIKS  ( 1?,  1 1 ) , NYFAP(IO),  IbNO, 

l K i M I'll  T * I.1MFS,  MFI.FM,  NPAGF,  UPRIlG,  NRIIN.  FLFM(T), 

? PPlir,  ( 1 H ) , RI|M(  1 H 1 

StlHPTHIT  1 NF  Flip  CALCULATING  ANCILLARY  AMI)  niPFCT  SUPPORT  AND 
AIR  FI  IRC  F TOTAL  cNFRf,Y  CONSUMPTION 

CI.FAR  VARIOUS  totals. 

10  no  ?n  i = i , ii 
SUMS! 1,1)  = o. 

Sl|MS(  ? , I ) = 0. 

sums ( s » 1 1 = n, 

SUM ( 1 ) = n. 

?o  continuf 

CONSTANT  TO  CONVERT  PFRCFNT  TO  OFCIMAI., 
n?  = ,ni 

MOTOR  OAS  CONVFRSIOM  FACTOR  - RTU'S  TRILLIONS  TO  MILLION  CAL'S. 
C0NST1  = ,1?S 

OISTILATF  CONVERSION  FACTOR  - HTO'S  TRILLIONS  TO  MILLION  GA''S. 
CONST?  = .111 

RFSinilAL  CONVERSION  FACTOR  - HTO'S  TRILLIONS  TO  MILLION  GAL'S. 
CONST S = .IS 

NAVY  SPECIAL  CONVFRSIOM  FACTOR  - HTO'S  TRILLIONS  TO  MILLION  GAL'S 
CONST  4 = .IS 

MODIFY  01RFCT  FMFRGY.  AS  PERCENT  OF  TOT  A i.  FORCE 
no  PS  i = 1,  11 

SUMS! IP, 1 1 = SUMS ( IP, 1 1 / r ( K 9 I 
PS  CONTINUF 

CALCULATE  DIRECT  SUPPORT  FMFRGY. 

no  in  i = i,  in 
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t. 

f. 


C 


c 


C 


C 


r. 


c 


c 

c 

r. 

r. 

c 

r 


r. 


c 


c 


c 


TnTAi.  n Ti  ■ * S nt-  ALL  programs  hy  yfap. 

TPMP  = Sirist  l v,  n 
"•oTor  f-ASri|  [N-,  gal's  AM)  “in's 
0(7.1)  = TfUM  * p(7?)  * i ix 
Ml.!)  = r.(  X.  I ) / r.f  T 1 
DISTIL!. ATP  ML.  I.AI.'S  AMD  kTii'S 

<•  i p . i ) = tp«h  * uni  * nx 
<- t i , ; ) = r,(4. 1 1 / CONST? 
wpsiddal  mu.,  <;al*s  a\i»>  «ri"s 

Gt*.I)  = TPMP  s P(74)  <=  (1? 

(,(->.!)  = r;(  4.  | ) / CONST1 

MAVY  SPPf.lAI.  PI  Ip  L . r.AL'S  AMD  «rn'S 

D|n.|)  = TPMp  w P(7*l  « OX 

'•(  7.  I ) = / cn\  s T 4 

S||M  HTO'S  PI  IP  DlHPr.T  S"PPORT  HY  YP  AR 

sii'ViS(l.I)  = Si'YP(i.i)  ♦ gix.ii  ♦ i-i4.ii  * (.(4,1)  ♦ dm. i) 

HO  CONTINUE 

no  pd  ,i  = i . jo 

SOWS!!. Ill  = SHMS(l.ll)  ♦ SH'Sll.l) 

SIM  P I IP  Olwpr.T  SUPPORT  ACUDSS  all  YPAMS. 

Dll  40  1 = 1 , h 

SI im (II  = Si  '•*  I I ) ♦ D ( I , .1 ) 

40  r. r in  T I A) i ip 
so  f.lHT  I Ml  ip 

ShT  PltPMAT  COUNT PR  FOR  DJPPCT  SUPPORT  PRINT  «(1UT|NP 
Kill  IN T = 1 
PRINT  RPSOLTS 
CALL  dot  X 

SPT  FORMAT  f.niINTPR  P()R  ANCILLARY  SUPPORT  PRINT  RilllTINP 
KOIINT  = X 

PIPCTRICITy  CONVPR  S I ON  FACTOR  - xTd'S  TRILLIONS  TO  MILLION  KWH 
COASTS  = in.S 

POLL  OIL  CONVERSION  PACTOR  - HTO'S  TRILLIONS  TO  MILLION  DAL'S. 
CONST*  = . 11Q 

COAL  CONVPRSION  PACTOR  - HTo'S  TRILLIONS  TO  MILLION  TONS 
C o m S T 7 = ?s. 

pvl  A T OR  A L DAS  CONVPRSION  PACTOR  - HTII'S  Trt|I.LI  INS  TO  MILLION  CO.  PT. 
r.ONSTH  = 1.01 

C ALCOL ATP  ANCILLARY  SUPPORT  ENFRGV 
DO  *01=1,  10 

som( i i = n. 

TEMP  = SUMS! lx,!) 

PLPCTRICITV,  KWH'S  AND  HTO'S  (SUBTRACT  HOT  MISSILE  FNFRDY I 
01?.  I)  * TEMP  * F ( 7* » * 0?  - SIMS  I*.  I) 
r.l  l.l  l = r, ( ? . 1 1 / const* 

FULL  OIL.  r.AL'S  and  HTO'S  (SUBTRACT  (HIT  MISSILF  FNFRDY ) 
r.l  4.  II  = TPMp  * F ( 77 ) * D?  - SUMSI7.I) 
r.l  1,11  * D I 4 , | I / CONST* 

COAL,  TONS  ANO  HTO'S 
r.l*. I I * TPMP  * P(  7RI  * 0? 

r.l*. 1 1 * d( *,  i ) / Const 7 
NATURAL  c.as,  CO.  FT.  AND  HTO'S 
r.l  R,  | ) » TPMp  * F|  791  * n? 
r.l  7, 1 1 - r.i r.i)  / const* 

SUMS  I ?« I I ■ SIIMSIX.il  ♦ GI2.II  ♦ GI4.1I  ♦ D(*,l|  ♦ G(R.I) 

*0  CONTINUE 

SUM  ANCILLARY  SUPPORT  ENFRGV  C TOTAL  A|«  FCIRCF  ENERGY  BY  YEAR 


Reproduced  from 
■oil  available  copy. 


mi  ho  ,i  = i , in 

SIJMSI7.J)  = SI  IMS  ( ^ * J ) + SI  IMS  ( 1 , .)  ) + S 0 M S I 2 ♦ J ) + SI  JM  S ( 1 2 » .1  ) 

SIIMSI7.11)  = SIHSI7.11)  + SUMS  (?,.)) 

SUM  ACROSS  YF  A P S 

no  70  i = ] , h 

SI)M|  1 ) = SIIMI  | ) + (i|[,j) 

70  r.DDTINlIf 
«n  r.lii'iT  INIIH 

Aik  FIIPCF  FNFROY  r.DMSDMPT  I n.M  1DTAL  FOR  A 1.1.  yFARS 
SI  )M  S ( 7 , 1 ] ) = S ' I M s ( 1 . 1 1 ) + SUMS  ( 7 , 1 1 ) + Sll  MSI17.il) 

PRINT  RFSULTS 
CALL  I HIT  7 
RFTIlRM 

P ImO 

SOMROiiT  I MR  fl  1 1 T 7 

rilMMMM  F(PO).  r.lH.ll),  SUM  I 1 1 ) . SUMS  ( 17,  1 1 ) , MYFAk(lO),  If-IMI), 

1 K DUNiT  , I.  INFS,  h F L F M , MP  A<; F , DP  ROM , mp  l 0] , F 1 F "M  3 ) , 

7 PR  1 10  ( 1 H) , PHD( 1 « ) 


SllHPUUTlNF  111  PP|MT  ANCILLARY  AN1)  U|PF(.T  S'iPPURI  a "l 0 llllAL  A1P 
HIP  CP  Si  MM  AH  Y TAPI  PS 


PUPmAT  CIIIIMTPP 

10  IF  IKIIIIMT  .FI).  7)  Ml  Til  90 

PIPIT1-  (0,  70)  (PUI(I),  | = ],  ]H),  \|  P A I . F . (MVbAP(I),  I = 1,  10) 

20  FORMAT  l]H]/  T7,  1hA4,  T 1 7 7 , ' PAOF  |T  / T71,  • I DAL , f I IN , 

1'IIM  Ml  1.1.  ! DOS.  K.WH,  Cl  IF  I | M h 1 1.1.  1 1 IN  S , OTUi'S  ID  TP  1 LL  1 DOS  ) 1 / / T7A, 
7 101 14,  ox ) , T ] 70 , 'TOTAL*  //  T7,  'OlkPOr  SUPMIPli) 

HP  I TP  (A,  TO) 

iO  Format  Mho,  to,  imotmb  OASoi.I  il- • ) 


HR  1 TP 

(A,  40) 

1 1 ( 01  1 , .1 ) , .1  = 1 . 10),  sill..  ( 1 ) ] 

1.1=1, 

7) 

40 

FUPMAT 

( 1 H , 

riA,  'CAL',  T 7 7 , ] 0 ( 1-  H . 7 , ,'X), 

1174,  rS 

7 / 

1 

•mtii' 

. T?7  , 

1 0| PP .7,  7 X ) , T 1 7 4 , FM.n 

HP  1 TF 

(A,  00) 

so 

FUPMAT 

( 1 MO, 

T A « ' 0|  ST  1 LI.ATF  Fi|F|.  ' ) 

HP  | TP 

(0,  40) 

( 1 ( r,(  1 ,.1 ) , .1  = i , in),  suo  i 1 > 

) . 1 = 7 . 

A) 

HP  1 T p 

( 0 , 00  ) 

00 

h OP  M A T 

(IMO, 

T A , ' pF  s 1 DUAL  FoF  1.  ' ) 

HP  I T P 

( A , 40 ) 

( ( (r,(  1 ,.1 ) , .1  = 1 , 10  ) , smv(  1 ) 

) . 1 = A , 

A ) 

HP  | TP 

1 0,  / M 

70 

PUPMAT 

1 1 MO, 

T A , • NAVY  SPPC1AI.  F 1 1 F L Dll') 

HP  | TP 

U> , ‘‘  0 ) 

( ( 1 r.(  1 , j ) , .1  = 1 , i 0) , som(  i > 

) . 1 = t. 

H ) 

HP  1 TP 

(0,  HO) 

( SUMS (1.1).  I = 1 , 11) 

bO 

format 

1 1 MO, 

T A , 'TOTAL'  / T 1 A , ' HTII ' , T77, 

1 01 FH. 7, 

7X  ) 

1 Fn.7) 

O I p I-  C T SOPHU-I  P P | NT  F 0 - Rt'TURN  TO  C A L C U l A T F ANCILLARY  SUPPORT 
PFTIIRN 


PRINT  AmCHLARY  SUPPORT  tahi.fs 
90  VP  I tp  I 0.  1 on ) 

I 00  FUPMAT  I 1H0//  r 7 , 'ANCILLARY  SUPPORT') 

'■'PI  TP  lo.  1)0)  ( ( ( r,(  1 ,j  ) , .1  = 1,  10).  SON.  ( 1 > ) . 1 = 1,  2) 

no  PUPMAT  (IMO,  10.  ' F I.  F C T R 1 C 1 T Y ' / T 1 A , ' KNH  • , T77,  MMFH.7,  2X  ) , 

1 T 1 7o , Ft! . 7 / T 1 A . 'PTII'.  T?7,  1HFH.7.  7X).  T 1 2 *•  , F‘y.7) 

•IP  1 T p 10.  170)  ( ( ( i.(  1 , ,|  = 1,  10),  SiM(])),  I = 7 , A) 

170  FORMAT  (100/  TS.  1 F 1 1 P l OH.'  / T 1 A , 1 0 A L ' , T 7 7 , KKFH.3,  ?X). 

] Fo.r  / T 1 o , MTU',  T 77  , 10(1-7.7,  ?X),  T ] ?o  , F 9 . 7 ) 


T17A 
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C 


C 

c 

r. 


c 


c 


wRITp  ,lS’  l,f1)  <<<G(1,J),  ,|  = i,  in).  Si  I'M  I)),  i = 5.  is  ) 

nn  format  ( 1 ho  t TS,  1 r.  r i a l 1 / T14,  •tun*,  tp3,  io(Fh.3.  2x  ) . 

1 F9 . 3 / T14,  'HTI||,  T 2 3 , 10(FP.3.  2X),  T124,  F 4 . 3 ) 

WRITF  (S,  140)  (l(r,(l,.l),  .1  = 1,  10),  S'IM(l)),  ! = y,  |<) 

140  FORMAT  I1K),  TS,  1 'I  A T OH  A I.  r,AS'  / T14,  • C 1 1 F T ■ , T23.  10(FH 

1 T 1 24  , F 4 , 3 / T 1 4 , 1 HTI I • , T23,  1 0 ( F ft  . 3 , 2X).  T 1 24  , P4.3) 

WR  I TF  ( A,  ISO)  ( SUMS! ?,1  ) . I = 1 . 1 1 ) 

ISO  FORMAT  ( 1 HO / TS,  'TOTAL'  / T14,  ' K T 1 1 • , T23,  10IFP.3,  2X) 

1 FQ.3) 


T 1 2 4 , 


3 . 2 X ) , 


T 124, 


PRINT  TOTAL  ENERGY  SUMMARY  T A •' l_  F 
WR I TF  ( 0,  1 AO)  ( MYFAR ( | ) , ] = 1 ~ 10  ) 

ISO  FORMAT  (INI///////  T 3H  , 'A|R  p ,i  R C F ENERGY  ', 

1 'F.  0 M S II  M p T I CM  M II  o p L'  //  T5S,  'SUMMARY  '. 

^ ’’.thtI,  TS7’  ,,R™"S  IN  MILLIONS)'  HU  T25  , 10(14,  HX  ) , 

3 112/,  'TOTAL') 

^7-V  6’1,70)  <SI,MS{  1?»'  »•  1 = !•  11).  ((SDMSU.n,  1 = 1.  11), 

170  format  (iho,  T3 , 'total  i)  i r fc t energy ' //  t 23 , 1 0 ( fh . 3 , 2x>. 

1 T124,  F9.3  III  T 3 , 'TOTAL  OlRFCT  Support  ENERGY  ' II  123, 

2 1 0 ( F R . 3 , 2X  ) , T124,  F4.3  III  T3,  'TOTAL  ANCIILARY  SUPPORT  ', 

3 'FNFRGY'  //  T23,  10IFR.3,  2X),  T124,  P4.3  ////  T3.  MISAF  TOTAI  • 

4 'ENFRGY  CONSUMPTION'  //  T 23  , 1 0 ( FP . 3 , 2X ) , T124,  F4  3) 

rfturm 

fmo 

SURROUT  I NF  01  IMP 

COMMON  F(80),  G ( ft  . 1 1 ) . SIIM(H),  SUMS  ( 1 2 , 1 1 ) , NYFAR(lO),  IFNI). 

1 KOIJMT , LINES,  NFLFM,  MPAGE,  NPRIIO,  NR  i IN , FIFm(3), 

2 PROGI 1ft) , RUM ( IP ) 


SOftROl  IT  I NF  FOR  PRINTING  INPUT  DUMP  (p  OF  S I GN  AT  F 0 . 
10  WRITE  (6,  20) 

20  FORMAT  (IHO,  Tl5,  'INPUT  OlIMP',  Tl2ft,  'INOFXFS') 
print  input  ano  inoexfs. 
no  50  I = 1.  HO,  10 
J = I + 9 

WR1TF  (p,  40)  ( F ( K ) , K = I,  .)),  I,  J 

40  FORMAT  ( 1H  , T21,  10IF9.2,  IX),  T 1 27 , 12,  •-',  12) 

50  CONTINUE 

stfp  i.inf  counter. 

LINES  = LINFS  + 10 

RETURN 

FMO 


Reproduced  from 
best  available  copy. 
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TFST  RUN  Nf ) 

. 1 

1 97? 

STRATFGIC  PROGRAM  I 

H — 99 
061 

1 

07? 

?.  1 1 

071 

4.71 

074 

1 .21 

076 

.61 

076 

11.1? 

077 

6 . ? 6 

07H 

2.81 

079 

6.17 

06? 

1 

061 

119000 

001 

4 00 

00? 

-1 

006 

-2 

006 

ISO 

007 

140 

008 

130 

009 

1?0 

010 

110 

0?1 

400000 

022 

190000 

021 

180000 

024 

170000 

0 25 

900 

0?  6 

1 000 

027 

-1 

Oil 

2 

01? 

-1 

014 

-? 

01  6 

1 

016 

-1 

01  l 

16  00 

01? 

-1 

666 
11-7  s 
061 

1 

001 

600 

00? 

480 

001 

460 

004 

440 

005 

4?0 

006 

400 

007 

180 

008 

160 

009 

140 

(1 1 0 

120 

Oil 

? 

01  2 

-1 

0?  1 

600000 

0?? 

480000 

0?1 

460000 

0 ? 4 

440000 

0?  5 

420000 

016 

-? 

016 

1 

01  7 

-1 

0?6 

1 000 

0 ? 7 

-1 

Oil 

1800 

0 1? 
666 
LH-1 

-1 

061 

? 

00  1 

90 

no? 

-1 

01  1 

? 

01? 

-1 

021 

186000 

0?? 

-1 

Oil 

l ?no 

01? 

-1 

06? 

?- 

061 

476000 

068 

1 

666 
I.I1-? 
06  1 

1 

001 

400 

oo? 

-1 

Oil 

2 

01  ? 

-1 

021 

570000 

0?? 

-1 

04  1 

70  0 

04? 

-1 

06  1 

4 0000 

06? 

-1 

Oil 

0 

01? 

66  6 

c r.  - 1 r i 

-1 

0 6? 

1 

061 

1 1 9000 

064 

.657 

064 

.094 

066 

.64? 

06  1 

4 

070 

160000 

071 

1166 

001 

990 

00? 

980 

001 

970 

004 

960 

006 

960 

004 

940 

007 

910 

008 

9?0 

009 

910 

01  0 

<700 

01  1 

0 

01  ? 

-1 

0?1 

0 

022 

-1 

01  1 

0 

01? 

-1 

041 

0 

04? 

-1 

06  1 

0 

06? 

-1 

06  R 

0 

666 

XX-V 

061 

4 

001 

600 

00? 

490 

001 

480 

004 

470 

006 

460 

008 

460 

007 

44  0 

008 

410 

009 

420 

010 

4 10 

0h8 

1 

777 

GFNFRAI. 

PlIR  PIlSF 

PROGRAM 

I I 

1 — 79 
061 

1 

00  1 

600 

00? 

480 

001 

460 

004 

440 

004 

4 ?f) 

006 

400 

007 

18  0 

008 

160 

009 

140 

O10 

120 

Oil 

1 

01? 

-1 

n?l 

100  0 

0?? 

-1 

Oil 

1 8 00 

01? 

-1 

068 

1 

777 

AIRLIFT 

AMO 

SFAL1FT  PROGRAM 

1 V 

C —600 
061 

1 

00  1 

400 

00? 

190 

001 

180 

004 

170 

006 

160 

006 

360 

00  7 

140 

008 

110 

009 

1?0 

01  0 

110 

Oil 

1 

01? 

-1 

0?1 

1000 

0?? 

-1 

Oil 

1500 

01? 

-1 

06  8 

0 

088 

0 

666 

Ul-1 

061 

? 

001 

90 

00? 

-1 

Oil 

? 

01  ? 

-1 

021 

186000 

0?? 

-1 

01  1 

1 ?00 

012 

-1 

06? 

? 

16  3 

476000 

068 

0 

666 

I.R-? 

06  1 
0?? 
01? 
999 

1 

-1 

-1 

001 

041 

06? 

400 

700 

1 

002 

042 

061 

-1 

-1 

119000 

Oil 

051 

064 

? 

40000 

.667 

01? 
05? 
06  6 

-1 

-1 

.094 

0?1 

031 

066 

570000 

0 

.642 
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Appendix  B 
CONVERSION  FACTORS 


Listed  below  are  the  factors  used  in  the  model  to  convert  energy 
units  into  physical  units  and  vice  versa.  Data  were  obtained  from  a 
variety  of  sources  that  included  Bu  Mines,  A STM,  API,  and  the  Air  Force. 


Item 

Divide 

By 

To  Obtain 

Jet  fuel 

Btu 

119,000 

gal 

Aviation  gas 

Btu 

114,000 

gal 

Motor  gasoline 

Btu 

125,000 

gal 

Distillate  fuel 

Btu 

139,000 

gal 

Residual  fuel 

Btu 

150,000 

gal 

Navy  special  fuel  oil  (NSFO) 

Btu 

150,000 

gal 

Electricity 

Btu 

10,500 

kWh 

Fuel  oil  (heating) 

Btu 

139,000 

gal 

Coal 

Btu 

25,000,000 

tons 

Natural  gas 

Btu 

1,030 

cu/f  t 
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Appendix  C 

ENERGY  ESTIMATING  RELATIONSHIPS 


Energy  estimating  relationships  (EERs)  are  given  for  bomber/recon, 
cargo/transport,  and  fighter/recon  aircraft.  Tables  of  the  fuel  con- 
sumption rate,  both  actual  and  computed,  are  given  for  each  category 
of  aircraft  along  with  the  data  used  to  generate  the  EERs  using  multiple 
regression  techniques. 


Table  C-l 

BOMBER/RECON  AIRCRAFT  EERs3 


Aircraft 

Cruise 

Speed, 

kn 

Gross 

Weight,  lb 

Fuel  Consumption, 
gal/hr 

Actual 

Computed 

B-47 

490 

200,000 

2,100 

2,000 

B-52E 

520 

450,000 

3,715 

3,289 

B-57 

418 

58,800 

830 

829 

B-58A 

538 

163,000 

2,400 

2,162 

B-66B 

496 

83,000 

1,300 

1,347 

EC-135C 

523 

301,600 

2,130 

2,748 

aF.C.  = 5.45  x io-5v1,874W0'476 

R2  = 0.93,  SE  = 459.8,  and 

where  F.C.  = fuel  consumption  rate,  gal/hr 
V = cruise  speed, 

W = gross  weight,  lb 
R2  = multiple  correlation  coefficient 
SE  = standard  error  of  estimate 


Aircraft 


Cruise 

Speed, 

kn 


Gross 

Weight,  lb 


Actual 


C-5A 

490 

C-9 

503 

C-10A 

241 

C-130A 

330 

C-135B 

523 

C-140A 

473 

C-141 

496 

KC-135A 

522 

719.000 
10,800 
14,600 

124,200 

248.000 
40,470 

316,600 

300,800 


3,550 

1,075 

75 

800 

2,000 

680 

2,180 

2,200 


-58 


Table  C-3 

FIGHTER/RECON  AIRCRAFT  EERs3 


Cruise 
Speed , 
kr> 

Gross 

Weight,  lb 

Fuel  Consumption 
gal/hr 

Aircraft 

Actual 

Computed 

F-4 

1,221 

49,311 

1,400 

1,320 

F-5A 

565 

13,663 

560 

539 

F-84D 

481 

16,827 

600 

606 

F-86A 

522 

15,876 

580 

589 

F-89 

489 

36,824 

1,140 

1,004 

F-100C 

713 

32,536 

1,000 

961 

F-100D 

775 

38,048 

950 

1,071 

F-101 

873 

48,000 

1,250 

1,257 

F-102A 

557 

28,150 

735 

856 

F-104 

1,145 

22,145 

825 

785 

F-105B 

750 

46,998 

1,400 

1,223 

F-106 

1,136 

34,239 

1,020 

1,037 

F-lll 

1,196 

92,655 

1,875 

1,975 

3F.C.  = 0.657  v*094W642 
R2  = 0.951,  SE  = 99.7. 
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Appendix  D 

ENERGY  REQUIREMENTS  FOR  TCRM.q 


ICBMs  use  energy  in  far  different  ways  than  do  aircraft.  While 
training  and  maintenance  of  flying  proficiency  require  that  aircraft  b • 
flown,  and  thus  use  jet  fuel,  the  ICBM  fleet  is  never  flown,  for  all 
practical  purposes.  Instead,  the  missiles  are  maintained  in  a state  of 
readiness  for  that  lime  when  they  will  be  needed.  This  state  of  read- 
iness requires  that  the  missiles  remain  in  an  environment  in  which  the 
temperature  and  humidity  are  controlled  and  that  certain  of  the  elec- 
trical components  of  the  missile  be  kept  activated.  In  addition,  an 
electrical  system  monitors  the  missile  systems  and  the  crew  operates 
in  an  underground  control  center.  These  activities  require  energy  which 
is  largely  supplied  by  local  electrical  utilities;  however,  diesel  fuel 
is  used  at  the  missile  complexes  for  heat,  the  operation  of  emergency 
electrical  generators,  and  certain  other  eqi  ^nent. 

Data  were  obtained  on  the  consumption  of  electricity  and  diesel 
fuel  during  1972  for  the  six  Minuteman  bases  which  house  the  entire 
fleet  of  1000  missiles.  These  data  were  then  used  to  derive  averaf 
values  per  missile  for  the  electricity  (350,000  kWh)  and  diesel  oil 
( 1 1 6 5 gal)  consumPtion  of  the  complexes.  (See  Tables  D-l  and  D-2.)  This 
energy  is  completely  separate  from  energy  consumed  at  the  bases  which  sup 
port  the  complexes.  This  latter  energy  falls  into  the  category  of  ancil- 
lary support  and  is  estimated  in  a different  section  of  the  model. 

Derivation  of  the  ICBM  electrical  energy  requirements  was  done  by 
simply  si  mming  the  1972  requirements  for  the  six  Minuteman  bases  and 
then  dividing  by  1000  to  obtain  the  average  consumption  per  missile. 

This  procedure  averages  a number  of  peculiarities  of  the  individual 
bases,  such  as  increased  floodlighting  and  varieties  in  basic  design 
that  are  not  of  interest  at  the  degree  of  aggregation  at  which  the 
model  will  be  used. 
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Table  D-l 

1972  ICRM  ELECTRICAL  ENERGY  CONSUMPTION 


ICBM  Base 


Consumption,  kWh 


Minot  

Whiteman  . . . 
Malms trom  .. 
Grand  Forks 
iT.  E.  Warren 
Ellsworth  .. 
Total 


55,334,040 

51,484,100 

60,343,447 

80,854,755 

66,041,760 

34,571,411 

348,629,513 

or  about  350,000  kWh  per  missile 


Table  D-2 

1972  ICBM  DIESEL  OIL  CONSUMPTION3 


ICBM  Base  Consumption,  gal 

Minot  179,014 

Ellsworth  170,235 

Total  349,249 


or  1164  gal  per  missile 

Oil  consumption  data  includes  oil  used  for  heat, 
diesel  motor  generator  set  testing,  and  other  equip- 
ment , 
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